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PREFACE. 


In  1897  a  series  of  articles  was  begun  in  the  New  York 
Medical  Journal  in  which  the  attempt  was  made  to  present  in 
as  simple  and  concise  a  form  as  poesible  the  main  facts  con- 
cerning the  newer  investigations  into  some  phases  of  the  anat^ 
omy  and  physiology  of  the  nervous  system.  These  articles 
were  continued  at  intervals  for  two  years,  but  the  mass  of  ma- 
terial proved  to  be  too  great,  and  neurological  publications 
increased  so  rapidly  during  this  time  that  it  soon  became  ob- 
vious that  any  adequate  presentation  of  the  subject  must  exceed 
the  limits  which  could  be  allotted  to  it  in  a  medical  journal. 
The  publication  of  a  volume  was  accordingly  decided  upon, 
the  introductory  chapters  of  which  consist  of  the  articles  {re- 
vised and  brought  up  to  date)  which  have  appeared  in  the  New 
York  Medical  Journal.  The  body  of  the  book,  however,  deal- 
ing with  the  groups  of  neurones  whose  axones  constitute  the 
principal  known  tracts  in  the  nervous  system — centripetal,  cen- 
trifugal, and  associative — is  now  published  for  the  first  time. 

In  the  first  part  of  the  volume  the  newer  conceptions  of 
the  histology  of  the  central  and  peripheral  nervous  organs  are 
reviewed.  In  the  succeeding  chapters  the  attempt  has  been 
made  to  apply  the  neurone  conception — that  is,  the  cell  doe- 
trine — as  consistently  as  possible,  in  the  explanation  and  de- 
scription of  the  complex  architectonics  of  the  nervous  system. 
The  term  neurone  is  used  throughout  in  the  widest  sense  to 
mean  «  cell  belonging  to  the  nervouf  iii/s/etn  with  all  its  parts,  not 
in  the  more  restricted  sense  in  which  many  authors  employ  it 
and  to  which  objection  has  in  many  quarters  quite  properly 
been  taken. 

No  apology  is  necessary  for  the  rather  profuse  illustration 
of  the  volume,  for  all  experience  teaches  that,  in  morphological 
studies  especially,  the  form  relations  are  more  easily  grasped 
from  the  examination  of  good  pictures  and  models  than  in  any 
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other  way,  and  that  one  well-chosen  illustration  with  a  satis- 
factory legend  is  often  of  greater  value  to  the  student  than 
many  pages  of  laborious  and  exact  description.  Convinced  of 
this  fact,  especial  pains  have  been  taken  in  the  selection  of  the 
cuts.  The  bibliography  has  been  extensively  explored  in  order 
that  the  most  instructive  pictures  of  the  various  anatomical 
features  extant  in  original  articles  might  be  drawn  upon,  and 
it  is  hoped  that  the  bringing  together  in  one  volume  of  the 
results  of  recent  investigators  and  skilled  artists  of  many  lands 
may  be  of  service  to  neurological  students,  especially  in  Eng- 
lish-speaking countries.  For  the  original  drawings  and  dia- 
grams the  author  is  deeply  indebted  to  Mr.  Max  Broedel,  Mr. 
H.  Becker,  and  Mr.  L.  Schmidt.  The  two  lithographic  plates 
at  the  end  of  the  volume  are  from  Mr.  Broedel's  hand,  as  are 
also  a  large  number  of  the  original  diagrams  of  conduction 
paths  which  illustrate  different  portions  of  Section  VI.  The 
series  of  drawings  of  transverse  and  horizontal  sections  through 
the  medulla,  pons,  and  midbrain  have  been  prepared  by  Mr.  L. 
Schmidt  from  exquisite  serial  sections  kindly  placed  at  the 
writer's  disposal  by  his  friend  Dr.  John  Hewetson.  The  other 
original  drawings  are  from  preparations  made  in  the  anatomi- 
cal laboratory  of  the  Johns  Hopkins  University. 

Of  the  illustrations  borrowed  from  original  articles,  a  few 
have  been  taken,  by  kind  permission,  from  American  and  Eng- 
lish publications.  The  majority  are,  however,  derived  from 
foreign  sources — French,  German,  Italian,  Russian,  Dutch, 
Spanish,  and  Swedish.  In  every  case  credit  has  been  given  to 
the  author  of  the  original  article  containing  the  illustration, 
and  in  a  majority  of  instances  the  title  of  and  exact  reference 
to  the  monograph  or  journal  whence  the  figure  has  been  derived 
have  been  appended. 

Especial  thanks  are  due  to  the  publishers,  Messrs.  D.  Apple- 
ton  and  Company,  for  their  liberality  in  defraying  the  expense 
of  the  illustrations,  especially  of  those  in  which  several  colors 
had  to  be  employed,  and  for  the  faithful  reproduction  of  the 
originals  by  the  most  modem  methods. 

The  nomenclature  employed  throughout  the  book  is  almost 
exclusively  that  of  the  BXA.  A  few  exceptions  have  been 
made — notably  the  use  of  the  terms  dorsal  and  ventral  instead 
of  posterior  and  anterior  respectively,  an  obviously  necessary 
deviation,  and  one  which  has  been  urged  for  a  long  time  by 
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prominent  American  anatomists.  Every  effort  has  been  made 
to  maintain  a  uniform  nomenclature  throughout,  and  where 
descriptions  or  illustrations  have  been  borrowed  from  other 
books  or  original  articles,  the  author,  for  the  sake  of  uniformity, 
has  taken  the  liberty  of  translating  the  terms  originally  em- 
ployed into  those  of  the  new  nomenclature.  A  feature  of  the 
book,  which  has  been  responsible  for  the  delay  in  publication 
and  for  greatly  increased  cost  to  the  publishers,  is  the  printing 
at  the  side  of  many  of  the  cuts  of  the  actual  names  of  the 
objects  illustrated,  instead  of  reference  letters  and  figures  to 
be  explained  in  legends.  The  advantage  to  the  reader  is  ob- 
vious, and  the  author  regrets  that  the  method,  despite  the  time 
and  cost  involved,  has  not  been  still  more  widely  employed  in 
the  making  of  this  book. 

The  sources  of  knowledge  examined  are  sufficiently  indicated 
in  the  numerous  footnotes.  There  has  been  no  attempt,  how- 
ever, to  exhaust  the  bibliography,  and  only  the  more  important 
references  consulted  have  been  cited.  The  student,  and  espe- 
cially the  beginner,  will  doubtless  be  helped  more  by  a  few 
references  to  masters  and  to  recognized  authors  and  special 
workers  than  by  a  full  bibliography  of  the  various  topics  taken 
up.  Care  has  been  taken  to  verify  the  various  references  at 
the  different  libraries  in  Baltimore,  and  especially  at  the  sur- 
geon-general's library  in  Washington.  The  writer  has  been  so 
frequently  delayed  by  errors  in  bibliographic  references  in 
neurological  text-books  and  in  medical  journals  that  he  will  be 
particularly  obliged  to  any  reader  who,  detecting  such  errors  in 
the  present  volume,  will  inform  him  of  them,  that  they  may 
be  corrected. 

It  is  an  especial  pleasure  to  acknowledge  the  help  and  stim- 
ulus in  neurological  work  which  the  writer  has  received  from 
various  sources.  The  lectures  of  Professors  Flechsig,  von  Frey, 
His,  and  Wundt  in  Leipsic  in  1895;  the  admirable  text-books 
of  E.  A.  Schaefer,  Foster  and  Sherrington,  C.  L.  Dana,  0.  K. 
Mills,  J.  Dejerine,  W.  R.  Gowers,  S.  Ram6n  y  Cajal,  W.  von 
Bechterew,  P.  Marie,  H.  Obersteiner,  A.  van  Gehuchten,  A.  von 
Kolliker,  C.  Wernicke,  L.  Edinger,  and  C.  von  Monakow ;  the 
various  publications  of  Ap^ithy,  Bastian,  Beevor,  Bethe,  Bolk, 
Berkley,  Broadbent,  Dogiel,  H.  H.  Donaldson,  Ewing,  Flatau, 
Ferrier  and  Turner,  Flechsig,  von  Frey,  Goldscheider,  Golgi, 
Held,   Heuschen,   Herrick,  van    Gieson,   Hughlings  Jackson, 
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Horsley  and  Schaefer,  J.  Loeb,  Lugaro,  Adolph  Meyer,  Melius, 
Marincseo,  Xissl,  F.  W.  Mott,  Patrick,  Retziiis,  J.  S.  Risien 
Russell,  Sano,  Sherrington,  Starr,  Ramon  y  Cajal,  Tartuferi, 
Tschermak,  Warrington,  and  others,  have  been  especially  help- 
ful. The  author  is  particularly  indebted  to  Dr.  Franklin  P. 
Mall,  Professor  of  Anatomy  in  the  Johns  Uopkins  University, 
for  aid  and  encouragement  in  manifold  ways  in  connection 
with  the  preparation  of  the  text  and  illustrations.  Thanks  are 
also  due  to  Drs.  Flexner,  Thomas,  Berkley,  Paton,  Harrison, 
and  Bardeen,  and  to  various  students  in  the  Johns  Hopkins 
Medical  School,  especially  to  those  who  have  undertaken  orig- 
inal research.  Dr.  Frank  R.  Smith  has  been  kind  enough  to 
thoroughly  revise  the  text,  and  also  to  read  the  final  proofs. 
Miss  Eleanore  II.  Watts  has  prepared  the  careful  index  of 
authors,  and  has  been  most  helpful  in  the  preparation  of  the 
manuscript  and  the  legends  for  the  figures.  It  is  hoped  that 
by  the  use  of  two  varieties  of  type  (one  referring  to  the  pages, 
the  other  to  tlie  numbers  of  the  figures),  the  value  of  the  in- 
dices will  be  increased. 

The  Johns  Hopkins  Hospital, 
Baltimore,  Md.,  March  IS,  1899. 


CONTENTS. 


SECTION   r. 
The  Histort  of  the  Detklopmest  of  tre  Neurone  CoNrspr 
Chaf.  I.  Intboductorv. 

i,   GOUII,    AND    FOKEL      . 


Kahi'in    y    Caja[. 


(ioL 

IV.  The  V 
V.  The  t 
VI.  The  B 


SECTION  II. 
The  Extbr:(al  Mokpiioloov  ok  Nelkonek    . 
VII.  The 

VIII.  The  e 
IX.  Collaterals,    side   fibmls,    and 

SECTION  III. 

The  Intkbnai,  MoRP)ioix)nY  of  Neuroses    . 

X.  Studies   by    METHooa   which    rkv 

XI.  Vasikties   of   nerve   cellh   oisti Moms r able   bv  Nissl's 

XII.  The   MATl-RE   OF  TRE    TIllROIll    MASiSFJ^   OR    "STAINABLE   SUB- 

STANCE"  OF    Niksl 

XIII.  The  oround  rubstani^k  or  •■  i-sstainable  substance"  of 

NiSSL 

XIV.  SUMMARV    OP    OVB     KNOWLEWIK     RROARDINO    THE    INTERNAL 
E   OP   HEURONEB 


THE  NERVOUS  SYSTEM. 


SECTION  IV. 

PAOB 

The  Histogenetic  Relations  of  the  Neurones 158 

Chap.  XV.  The  origin  of  the  nervous  system  in  the  embryo  and 

THE   earliest   HISTOGENETIC  STAGES 158 

XVI.  The   developmental  history  of  the  spinal  cord  and 

MEDULLA   oblongata   .  170 

XVII.  The    development    of   the    peripheral   sensory    neu- 
rones AND  of  the  sympathetic  NEURONES       .  .179 

XVIII.  On  the  mechanical  factors  of   development  and   on 

the  human  body  as  a  segmented  organism  .  .    193 


SECTION  V. 

The  Neurone  as  the  Unit  in   Physiological  and   Pathological 

Processes 215 

XIX.  Introductory 215 

XX.  On  the  degeneration  and  regeneration  ok  neurones   .  223 

XXI.  The  irritability  of  neurones    ...                .        .  248 

XXII.  The  neurone  as  a  unit  of  nervous  function  .        .        .  257 

XXI II.  On  the  direction  of  conduction  in  the  neurones  and 

THE  THEORY   OF  THEIR   DYNAMIC   POLARITY  .  .  .      266 

XXIV.  The    relations   of  trophic  to    nervous    functions    in 

THE   NEURONE 275 

XXV.  On  the  HISTOLOGICAL  ALTERATIONS  IN  NEURONES  DUE  TO 
THE  ACTION  OF  POISONS,  AND  A  COMPARISON  OF  THESE 
WITH    THE    EFFECTS  OF   TRAUMATISM 282 


SECTION   VI. 

On  the  Grouping  and  Chaining  together  of  Neurones  in  a  Com- 
plex Nervous  System  like  that  of  Man  and  Higher 
Animals. 

For  summary  of  this  section  see  page  313. 


LIST  OF  ILLUSTRATIONS. 


1.  Hulti[>otar  gangiioo  eella  fruin  ventral  horn  of  oi  . 

S,  Gerlach's  network 

3.  Connections  of  dorsal  and  ventml  roots  of  spinal  cord  according 

to  a  iliscarded  theory 

4.  Golffi  cell  of  Type  I 

5.  Golgi  cell  of  Type  1 1  from  cerebellum  of  cat 

6.  Golgi  cell  of  Type  II  from  cerebrum  of  cat 

7.  DEiluse  nerve  network  formerly  supposed  to  be  formed  by  the  siile 

fibrils  of  cell  Type  I  and  the  axones  of  cell  Type  II 

8.  Longitudinal  sugittal  section  of  dorsal  funiculus  of  cat  fifteen 

days  old 

B.  Transverse  section  of  the  spinal  cord  of  a  chick  at  the  ninth  day 
of  incubation 

10.  Schematic  representation  of  dorsal  funiculus  cut  longitudinally 

parallel  to  entrance  of  dorsal  roiits 

11.  Cross  section  of  the  cervical  spinal  cord  of  a  child  two  years  old, 

showing  medullated  collaterals 

12, 13.  Cell  intermediate  in  form  between  that  of  Oolgi  cell  Type  I 
and  that  of  Golgi  cell  Type  11 27, 

14.  Nerve  fibres  from  a  frog  injected  with  methylene  blue  ■ 

15.  Sensory  nerve  ending  stained  with  methylene  blue 

18.  Loft  half  of  brain  ganglion  of  ytreii  diitrsieolor  with  the  nerves 
connected  with  it,  seen  from  the  dorsal  surface 

17.  Scheme  of  lower  motor  neurone 

18.  Cell  from  nucleus  corporis  trapezoidei  of  newborn  cat,  showing 

19.  Celts  from  nucleus  corporis  trapezoidei  of  an  adult  rabbit 

20.  Cell  from  llie  nucleus  corporis  trape»)idei  of  an  adult  rabbit. 

showing  axis  cylinder 

21.  Glomerulus  olfactorius  from  ailult  rabbit  showing  dendrites  of 

mitral  cells  and  terminals  of  nerri  olfactorii  .... 
23.  A  portion  of  the  molecular  zone  of  the  cerebellum  from  an  adult 

rabbit  showing  terminal  peridendritic  axoncs  .... 
23.  Motor-nerve  spindle  in  longitudinal  section  of  the  right  a 

nerve  stem  from  the  leech 


xii  THE  NERVOUS  SYSTEM. 

nOURB  PAOK 

24.  Large  pluripolar  ganglion  cell  of  the  ventral  paramedian  field  of 

the  abdominal  cord  of  Lumbricus 54 

25.  The  plexus  of  neuro-fibrils  in  some  retinal  cells  of  the  third  right 

eye  of  the  leech 55 

26.  A  subepidermal  sense  cell,  retinal  cell  from  Pseudo-hranchellion  .      55 

27.  The  distribution  of  the  neuro-fibrils  in  the  circular  muscle  fibre 

of  the  intestinal  wall  of  P&titohdeUa 56 

28.  Colossal  ganglion  cell  (Type  G)  from  the  leech       ....      57 

29.  Three  pear-shaped  ganglion  cells  of  Type  K,  in  longitudinal  sec- 

tion, from  the  leech 59 

80.  The  course  and  connections  of  the  conducting  paths  in  a  trans- 
verse section  of  the  somite  of  the  leech 61 

31.  Spinal  ganglion  of  a  newborn  white  mouse 68 

82.  Motor  cell  of  ventral  horn  of  spinal  cord  from  the  human  foetus, 

thirty  centimetres  long 69 

88.  Pyramidal  cell  of  cerebral  cortex  of  mouse 70 

84.  Multipolar  nerve  cell  from  the  cord  of  the  embryo  calf  showing 

varicosities  of  the  dendrites 71 

35.  Neurones  from  the  hippocampus  of  a  puppy  two  days  old  78 

86.  Unipolar  cell  from  a  ganglion  of  Lumbricus 74 

87.  Photomicrograph  of  a  normal  pyramidal  cell  from  the  cerebral 

cortex  of  a  guinea-pig 74 

88.  Photomicrograph  of  a  normal  Purkinje  cell  from  the  human  cere- 

bellar cortex 75 

39.  Photomicrograph  of  the  apical  dendrite  of  a  large  pyramidal  cell 

of  the  cerebral  cortex  showing  the  arrangement  of  the  lateral 
buds  or  gemmules 76 

40.  Neurone  from  the  optic  lobe  of  the  embryo  chick  ....      79 

41.  Golgi  cell  of  Type  II  from  the  dorsal  horn  of  the  gray  matter  of 

the  spinal  cord  of  the  newborn  mouse 80 

42.  Special  cells  (polyaxones)  of  molecular  layer  of  cerebral  cortex  of 

a  dog  one  day  old 81 

43.  Ram6n  y  Cajal's  cell  from  the  superficial  layer  of  the  cerebral 

cortex  of  a  fcptal  cat 81 

44.  Nerve  elements  from  the  retina  of  the  ox 82 

45.  Anaxone  from  the  basket  of  a  Purkinje  cell  of  the  cerebellar 

cortex 82 

46.  Y-8hapc<l  division  of  sensory  root  fibres  after  entrance  into  spinal 

cord  in  a  six-months  human  embryo 83 

47.  End  ramifications  forming  a  basketwork  about  two  Purkinje  cells 

of  the  cerebellar  cortex 83 

48.  The  relations  in  the  olfactory  glomeruli  of  the  axones  of  the 

olfactory  neurones  of  the  first  order  to  the  dendrites  of  the 
mitral  cells  in  birds 84 

49.  Nucleus  of  termination  of  the  sensory  part  of  the  nervus  trigemi- 

nus of  the  cat 84 

60.  A  much-branched  fibre  from  the  optic  thalamus  of  a  mouse  .  85 


LIST   OF   ILLUSTRATIONS. 


xiu 


flQURB  PAOB 

51.  Three  end  arborizations  of  optic  fibres  from  the  optic  lobe  of  an 

embryo  chick 86 

52.  The  so-called  "  climbing  fibres  "  of  the  cerebellar  cortex  from  the 

brain  of  a  child  a  month  and  a  half  old 87 

53.  Disc-shaped  expansions  on  nerve  fibrillae  of  the  pig's  snout  and 

their  relation  to  certain  of  the  epithelial  cells  .        .        .  87 

54.  Developing  myelin  sheaths  of  different  ages  as  seen  through  the 

polarization  microscope 88 

55.  Scheme  showing  the  elements  of  the  gray  matter  of  the  spinal 

cord 91 

56.  Endings  of  collaterals  from  the  dorsal  funiculi  in  the  gray  matter 

of  the  spinal  cord  of  the  newborn  rabbit 92 

57.  Side  fibril  of  Golgi  on  the  axone  of  a  motor  cell  of  the  ventral 

horn  of  the  spinal  cord 98 

58.  Pericellular  networks  believed  by  Held  to  be  formed  by  the  termi- 

nals of  axones 96 

59.  Reproduction  of  a  photogram  of  a  perpendicular  section  through 

the  tip  of  the  head  of  the  gyrus  centralis  anterior  of  a  healthy 
adult  man  close  to  the  falx 97 

60.  Reproduction  of  a  photogram  from  a  perpendicular  cortical  sec- 

tion through  the  summit  of  the  gyrus  just  in  front  of  the 
sulcus  cruciatus  of  an  adult  dog  close  to  the  falx    ...      98 

61.  Reproduction  of  a  photogram  of  a  perpendicular  section  through 

the  cerebral  cortex  of  a  mole,  1  mm.  in  front  of  the  crucial 
suture  close  to  the  falx 99 

62.  Ganglion  cell  from  the  electric  lobe  of  the  brain  of  the  torpedo    .     108 
68.  Nerve  cell  from  the  region  of  the  ventral  column  of  gray  matter 

of  the  spinal  cord  of  0adu8 105 

64.  Large  motor  ganglion  cell  from  the  ventral  horn  of  spinal  cord 

of  ox .109 

65.  Spinal  ganglion  cell  from  the  ox  showing  clear  spaces  {Viicuolen)    112 

66.  Spinal  ganglion  cell  of  Raiia  Cateshiana 113 

67.  Nerve  cell  from  olfactory  bulb  of  rabbit 116 

68.  Nerve  cell  from  dorsal  nucleus  of  proximal  portion  of  medulla  of 

rabbit 117 

69.  Motor  nerve  cell  from  ventral  horn  of  gray  matter  of  spinal  cord 

of  rabbit 118 

70.  Large  cell  from  Ammon's  horn  of  rabbit 119 

71.  Nerve  cell  from  ganglion  on  dorsal  root  of  a  cervical  nerve  of  a 

rabbit 119 

72.  Purkinje  cell  from  the  cerebellar  cortex  of  the  rabbit     .        .        .     120 

73.  Nerve  cell   from   the   spinal   cord  of  the   dog  in  the  so-called 

"  chromophile  "  condition 124 

74.  Motor  nerve  cell  from  the  ventral  horn  of  the  gray  matter  of  the 

spinal  cord  of  the  dog  showing  tigroid  bodies  ....     125 

75.  Cell  of  ventral  horn  of  gray  matter  of  human  spinal  cord  130 

76.  Nerve  cell  from  Deiters'  nucleus  in  the  rabbit         ....     131 


xiv  THE  NERVOUS  SYSTEM. 

FIOURS  PAOK 

77.  Nerve  cell  from  the  gray  matter  of  the  lumbar  cord  of  ox     .        .     132 

78.  The  endocellular  network  within  a  Purkinje  cell  of  the  cerebellum 

of  Strixflammea 140 

79.  Cross  sections  of  two  axones   from  the  nervus  trigeminus  of 

Petromyzon  fluviatilis 142 

80.  Longitudinal  and  transverse  section  of  medullated  nerve  fibres 

from  the  sciatic  nerve  of  the  frog  showing  one  node  of  Ran- 
vier  and  two  of  Lantermann's  segmentations  ....    148 

81.  Axis  cylinder  in  long  and  cross  section  from  a  spinal  ganglion  in 

the  lumbar  region  of  an  adult  dog,  showing  neurosomes  and 
axospongium 144 

82.  Axone  hillock  of  a  spinal  ganglion  cell  of  the  dog  ....     144 

83.  Cell  from  the  ventral  horn  of  the  lumbar  cord  of  an  adult  rabbit 

showing  the  axone  and  several  dendrites 146 

84.  Centrosome  and  attraction  sphere  inside  a  spinal  ganglion  cell  of 

the  frog 148 

85.  Nerve  cell  showing  reticular  investment 150 

86.  Pericellular  networks  believed  by  Held  to  be  formed  by  the  ter- 

minals of  axones 151 

87.  Networks  about  perikaryon  and  dendrites  demonstrable  by  the 

method  of  Bethe 152 

88.  Anterior  portion  of  the  body  of  a  chick,  the  head  distinctly  differ- 

entiated ;  seen  from  the  surface 159 

89.  Median  section  through  embryo  human  brain  at  the  end  of  the 

first  month 160 

90.  Model  of  developing  human  brain 161 

91.  Median  section  of  fcetal  human  brain  during  the  third  month      .     162 

92.  Median  section  through  adult  human  brain 162 

93.  Section  through  medullary  plate  of  rabbit  showing  germinal  cell .    165 

94.  Section  through  neural  tube  which  is  beginning  to  close        .        .165 

95.  Section  through  wall  of  neural  tube  at  a  later  stage     .        .        .166 

96.  Photomicrograph  from  a  specimen  through  the  neural  tube  of 

Amblystoma 168 

97.  Section  of  spinal  cord  of  a  chick  at  the  third  day  of  incubation     .     169 

98.  Section  through  half  of  neural  tube  showing  the  pear-shaped 

neuroblasts 171 

99.  Transverse  section  of  the  spinal  cord  of  a  chick      .        .        .        .172 

100.  Transverse  section  through  the  upper  thoracic  cord  of  the  human 

embryo ' 173 

101.  Commissural  cell  or  heteromeric  neurone  from  the  spinal  cord  of 

a  Prist iunis  embryo  30  mm.  long 174 

102.  103.  Transverse  section  through  the  medulla  of  the  human  em- 

bryo showing  N.  hypoglossus,  N.  vagus,  and   tractus  soli- 

tarius 174,  175 

104.  Section  through  a  portion  of  the  wall  of  the  medulla  of  a  human 
embryo  showing  neuroblasts  wandering  from  the  rhomboidal 
lip  toward  the  middle  line 176 


LIST  OP  ILLUSTRATIONS. 


105.  Scheme  of  one  h<tl(  of  the  embryonic  medullft  at  a  later  Btoge 
IDB.  Transverse  section  through  one  half  of  the  medulla  oblongata  of 
a  human  embryo  at  the  eighth  mooth 

107.  Longitudinal  section  of  the  cerebral  hemispheres  ol  Neelurut 

108.  Reconstruction  of  huDiao  embrjo  at  end  of  fourth  week  showing 

development  of  sensory  ganglia 

100.  Three  stages  at  development  in  the  early  history  of  the  spinal 
ganglia  of  the  human  embryo 

110.  Transverse  section  of  the  embryonic  cord  of  the  chick   . 

111.  Bipolar  cell  from  the  spinal  ganglion  of  (he  pike    .... 
lis.  Bipolar  ganglion  cell  from  the  ganglion  spirale  of  the  pig      . 
118.  Schematic  representation  ol  the  gradual  transition  of  the  bipolar 

cells  of  the  spinal  ganglia  to  the  so-catled  unipolar  type 

114.  Transforrautiun  of  bipolar  cells  into  unipolar  cells  in  the  Gasserian 

ganglion  of  the  pig 

115.  Pel twork  about  spinal  ganglion  celts  of  the  cat  formed  by  division 

of  the  axones  of  spinal  ganglion  cells  of  Type  II      .       .       . 

116.  Scheme  of  the  reciprocal  relations  of  the  elements  within  the 

spinal  ganglion,  acconling  to  Dogiel 

1 17.  Left  auditory  vesicle'  with  the  acustico-facial  complex  of  a  human 

embryo  at  the  fifth  week 

118.  Ophthalmic  vesicle  showing  stalk  and  groove  in  stalk  from  a 

human  embryo  of  the  fourth  week,  seen  from  below 
110.  Developing  eye  of  human  embryo  10.3  mm.  long    .... 

120.  Composite  diagrammatic  transverse  section  of  the  head  of  a  human 

embryo  to  show  the  growing  point  in  the  nervous  system,  and 
the  direction  of  the  growth  of  the  fibre 

121.  Transverse  section  through  the  anterior  part  of  the  trunk  of  an 

embryo  of  SeylUiim 

123.  Photomicrograph  of  section  through  a  nerve  in  the  side  of  a 
human  ton^e 

123.  Schematic  representation  of  the  nerve  plexus  of  a  heart  of  a 

human  embryo  after  Ilis  Jr. 

124.  Diagram  showing  successive  positions  of  the  diaphragm  during 

the  development  of  the  human  embryo 

185.  Schemes  of  transverse  sections  of  younger  and  older  Selachian 
embryos  to  illustrate  the  development  of  the  chief  products 
of  the  middle  terminal  layer 

126.  Human  embryo  fourteen  to  sixteen  days  old  showing  developing 

127.  Human  embryo  at  the  end  of  the  thlnl  week  showing  developing 

myotome  and  sclerotome 

128.  Scheme  of  bone  and  muscle  segment 

129.  Trunk  segment  of  human  embryo  with  one  \<a\t  of  nerves  a«id  the 

rudiment  of  Ihe  musculature  of  one  extremity  at  the  sixth 
wei.k 

130.  Reconstruction  of  a  young  human  embryo  enlarged  five  limes, 


xvi  THE  NERVOUS  SYSTEM. 

flOUBB  PAOK 

illustrating  the  position  of  the  M.  rectus  abdominis  and  its 
polymeric  nature 202 

131.  Fields  on  the  external  surface  of  the  os  innominatum  corres{X)nd- 

ing  to  the  attachment  of  the  various  muscles  ....    203 

132.  Outer  surface  of  os  innominatum  showing  attachments  of  the 

muscle  masses  derived  from  the  myotomes  innervated  by  the 
twelfth  to  the  nineteenth  thoraco-iumbo-sacral  nerves    .        .    204 

133.  Reconstructed  form  of  pelvis  of  human  fcetus,  illustrating  skeletal 

areas  corresponding  to  the  myotomes  innervated  by  the  12th 

to  the  nineteenth  thoraco-lumbo-sacral  nerves         .        .        .  205 

184.  Arrangement  of  the  mctazonal  dorsal  nerves  for  the  Mm.  glutaei  207 

135.  Arrangement  of  the  metazonal  ventral  nerves  for  the  Mm.  flexores  207 

136.  Arrangement  of  the  prozonal  dorsal  N.  femoralis  ....  208 

137.  Arrangement  of  the  diazonal  ventral  N.  obturatorius     .        .  209 

138.  Arrangement  of  the  ventral  and  dorsal  prozonal,  diazonal,  and 

metazonal  nerves 210 

139.  Six  transverse  sections  through  a  right  upper  arm  showing  the 

relation  of  the  (dark)  ventroplanum  to  the  (colorless)  dorso- 
planum,  as  well  as  the  [)osition  of  the  fourth  to  the  sixth 
cervical  scierozones *       .        .        .        .211 

140.  Transverse  section  through  the  musculature  of  the  shoulder  and 

chest  showing  the  limits  between  ventral  and  dorsal  deriva- 
tives of  the  myomeres 212 

141.  Transverse  section  through  the  proximal  portion  of  the  humerus  .  213 

142.  Transverse  section  through  the  distal  part  of  the  humerus    .        .  213 

143.  Wallerian  degeneration  of  nerve  fibres  after  section       .  224 

144.  Section  through  the  cervical  cord  of  a  woman  showing  secondary 

degenerations  following  compression  of  the  cord  at  the  level 

of  the  second  thoracic  segment 226 

145.  Section  through  the  lumbar  cord  of  a  woman  showing  secondary 

degenerations  following  compression  of  the  cord  at  the  level 

of  the  second  thoracic  segment 227 

146.  Section  through  human  spinal  cord  in  the  upper  thoracic  region 

showing  marked  atrophy  of  right  half  of  cord  following  ampu- 
tation of  right  arm 230 

147.  Transverse  section  through  the  medulla  oblongata  of  a  rabbit 

showing  degeneration  from  injury  to  facial  nerve  on  the 
right  side 232 

148.  Cross  section  through  the  medulla  oblongata  of  a  rabbit  showing 

degeneration  from  injury  to  facial  nerve  on  left  side       .        .    233 

149.  Cells  from  the  nuclei  of  the  oculomotor  nerves  of    the  cat  thir- 

teen davs  after  section  of  the  root  fibres  of  the  nerve  on  one 
side 235 

150.  Four  nerve  cells  from  the  nucleus  nervi  facialis  of  a  rabbit  fifteen 

davs  after  section  of  the  nerve  root 236 

151.  Ventral  horn  cells  from  the  spinal  cord  of  a  case  of  multiple 

neuritis 237 


xviii  THE  NERVOUS  SYSTEM. 

FIOURB  PAOK 

178.  Effects  of  poisoning  with  malon-nitril 300 

179.  Effects  of  artificial  increase  of  body  teuipeniture    ....  301 

180.  Kccovery  of  ventral  horn  cell  from  clianges  produced  by  artificial 

increase  of  body  temperature 303 

181.  Effects  of  tetanus  toxine  upon  the  lower  motor  neurones       .        .  304 

182.  More  advanced  stages  of  poisoning  with  tetanus  toxine         .        .  305 

183.  Spinal  ganglion  cell  showing  marked  alterations  following  section 

of  the  sciatic  nerve 310 

184.  Spinal  ganglion  cell  forty  days  after  section  of  corresix)nding 

dorsal  root 311 

185.  Cross  section  of  the  central  and  peripheral  nervous  system  of  a 

man,  illustrating  the  neural  segment 323 

186.  Plexus  cervico-brachialis 324 

187.  Plexus  lumbosacralis 326 

188.  The  areas  supplied  by  the  cutaneous  nerves  of  the  head        .        .  327 

189.  Areas  supplied  by  the  cutaneous  nerves  of  the  upper  extremity    .  328 

190.  The  areas  of  the  skin  supplied  by  the  cutaneous  nerves  of  the 

lower  extremity 329 

191.  Diagram  of  the  position  of  the  nipple  in  the  sensory  skin  fields  of 

the  fourth,  third,  and  fifth  thoracic  spinal  roots      .        .        .  331 

192.  Cutaneous  fields  of  dorsal  roots  of  spinal  nerves  of  monkey.     Dor- 

sal view 334 

193.  Cutaneous  fields  of  dorsal  roots  of  spinal  nerves  of  monkey.     Ven- 

tro-lateral  view 335 

194.  Mode  of  distribution  of  the  dorsal  root  fibres  of  the  lower  cervical 

and  thoracic  nerves 336 

195.  Mode  of  distribution  of  the  dorsal  root  fibres  of  the  lower  cervical 

nerves  and  of  the  thoracic  nerves 337 

196.  Mode  of  distribution  of  the  dorsal  root  fibres  of  the  lumbar  and 

sacral  nerves 340 

197.  198.  Referred  pain  in  visceral  disturbances     ....    342,  343 
199,  200.  Areas  of  pain  sensation  in  visceral  disease      .        .        .    344,  345 

201.  Types  of  anaesthesia 346 

202,  203.  Regiones  corporis  humani 347,  348 

204.  Spinal  cord  in  connection  above  with  the  medulla  oblongata  and 

pons 351 

205.  Portions  of  the  pars  cervicalis  of  the  spinal  cord  with  nerve  roots  351 

206.  Scheme  of  peripheral  spinal  sensory  neurones         ....  352 

207.  Sagittal  section  through  seven  spinal  ganglia  of  embryo  mouse 

10  mm.  long.    Cervical  region 355 

208.  Peripheral  centripetal  neurones  of  various  animals         .        .        .  357 

209.  Ijarge  spinal  ganglion  cell  from  a  healthy  man  with  connective- 

tissue  capsule 358 

210.  Several  types  of  spinal  ganglion  cells 359 

211.  Nerve  fibrils  in  the  epithelial  lining  of  the  oesophagus   .        .        .  362 

212.  Nerve  fibrils  in  the  epithelium  of  a  vertical  section  of  the  rabbit's 

bladder 363 


XX  THE  NERVOUS  SYSTExM. 

riOCRB  PAOB 

order  to  demonstrate  the  topography  of  Ruffini's  "  terminal 

nervous  organs  " 388 

246.  Ruffini's  nerve  endings 389 

247.  Terminal  nerve  corpuscle  of  Ruffini 390 

248.  Transverse  section  of  Ruffini's  terminal  corpuscle  .        .        .        .391 

249.  Oblique  section  of  a  terminal  nerve  corpuscle  of  Huffini        .        .  391 

250.  A  nerve  fibre  dividing  into  seven  secondary  fibres  to  which  are 

attached  five  organes  nerveux  terminaux  of  Ruffini         .        .  392 

251.  End  bulbs  stained  by  the  raethylene-blue  method  ,  %     .        .        .  393 

252.  Terminal  corpuscle  from  the  edge  of  the  conjunctiva  bulbi   .        .  393 

253.  Herbst's  corpuscles 394 

254.  Corpuscle  of  Pacini  of  the  mesentery  of  an  adult  cat     .        .        .  895 

255.  Golgi-Mazzoni  corpuscles 397 

256.  Genital  nerve  corpuscles  from  the  mucous  membrane  of  the  cli- 

toris of  the  rabbit 398 

257.  Genital  nerve  corpuscles  from  the  mucous  membrane  of  the  glans 

penis  of  the  rabbit 399 

258.  Cross  section  of  genital  nerve  corpuscle  from  the  clitoris  of  the 

rabbit 399 

259.  260.  Genital  nerve  corpuscles  from  human  glans  penis  .             400,  401 

261.  End  bulb  from  glans  penis  of  a  white  mouse 402 

262.  A  branch  of  one  of  the  anterior  nerve  fibres  of  the  cornea     .        .  403 

263.  Musculo- tendinous  nerve  ending  of  Golgi 404 

264.  Tendinous  expansion  of  one  of  the  muscles  of  man         .        .        .  406 

265.  A  terminal  musculo- tendinous  organ  in  which  a  terminal  nerve 

plaque  occupies  nearly  the  length  of  the  tendon       .        .        .  407 

266.  Human  tendo  calcaneus  (Achillis) 408 

267.  Tendinous  expansion  of  one  of  the  motor  muscles  of  the  eye  of 

an  ox 409 

268.  A  sensory  nerve  ending  from  exocardium  of  upper  half  of  left 

atrium  of  the  heart  of  the  gray  rat 410 

269.  Nerve  endings  in  the  lung  of  the  frog 411 

270.  Sensory  nerve  endings  in  the  ciliary  body  of  birds.        .        .        .  412 

271.  Nerve  endings  in  ciliary  body  demonstrated  by  the  method  of 

Golgi 413 

272.  Muscular  spindle  from  Jfyoxus  aveUanarius 414 

273.  Middle  third  of  a  terminal  platjue  in  the  muscle  spindle  of  an 

adult  cat 416 

274.  A  stri|>ed  muscle  fibre  in  a  human  muscle  spindle  with  terminai- 

sons  (i  fleurs 417 

275.  Muscle  spindle  from  intrinsic  plantar  muscles  of  a  dog  .        .        .418 

276.  Surface  view  of  cardiac  muscle  cells  with  nerve  endings        .        .  419 

277.  Intermuscular  end  arborization  from  the  left  wall  of  the  trachea 

of  the  dog 420 

278.  Longitudinal  secttion  of  involuntary  muscle  showing  nerve  end- 

ings       430 

279.  Nerve  ending  on  the  vas  afferens  in  the  cortex  of  the  kidney         .  421 


xxii  THE  NERVOUS  SYSTEM. 

nOURK  PAOB 

811.  Transverse  section  through  the  medulla  oblongata  and  cerebellum 

of  newborn  child ;  region  of  cochlear  nuclei    ....     481 

312.  Transverse  section  through  the  cerebellum  and  medulla  oblongata 

at  the  junction  of  the  latter  with  the  pons       ....     482 

818.  Transverse  section  through  the  pons  and  cerebellum  at  the  level 

of  the  principal  motor  nucleus  of  the  trigeminal  nerve  .        .     483 

314.  Transverse  section  through  the  isthmus  rhombencephali  of  new- 

bom  babe 484 

315.  Transverse  section  at  the  level  of  the  colliculus  inferior  of  cor- 

pora quadrigemina  of  newborn  babe 485 

816.  Transverse  section  through  mesencephalon  of  newborn  babe;  level 

of  superior  colliculus 486 

817.  Transverse  section  through  superior  colliculi  and  cerebral  pe- 

duncle of  newborn  babe 487 

818.  319.  Horizontal   section  through    medulla,  pons,  and   midbrain 

of  newborn  babe ;  level  of  nucleus  nervi  abducentis        .    488,  489 

320.  Horizontal  section  through  rhombencephalon  and  mesencephalon 

of    newborn    babe ;    level  of  fasciculus  longitudinalis  me- 
dialis 490 

321.  Horizontal  section  through  medulla,  pons,  and  midbrain  of  new- 

bom  babe ;  level  of  the  nucleus  nervi  oculomotorii  and  nucleus 
nervi  trochlcaris 491 

822.  Horizontal  section  through  the  medulla,  pons,  and  midbrain  of 

newborn  babe ;  level  of  decussatio  brachii  conjunctivi    .        .    492 

823.  Horizontal  section  through  medulla,  pons,  and  midbrain  of  new- 

born babe ;  level  of  corpus  trapezoideum 493 

324.  Horizontal  section  through  medulla,  pons,  and  midbrain  of  new- 

born babe ;  level  of  nucleus  olivaris  and  nucleus  ruber  .        .    494 

325.  Diagram  of  nuclei  of  cerebral  nerves 495 

326.  Endings  of  axones  of  N.  vagus  and  N.  glossopharyngeus       .        .    496 

827.  Tractus  solitarius  of  six-day-old  cat 496 

828.  Horizontal  section  through  medulla,  pons,  and  midbrain  of  new- 

bom  babe ;  le.vel  of  nucleus  nervi  abducentis  ....     497 

329.  Cross  section  through  rhombencephalon  of  four-day-old  mouse; 

level  of  nucleus  N.  hypoglossi 498 

330.  Sympathicus  and  N.  vagus  of  human  embryo 499 

831.  Left  auditory  vesicle  with  acustico-facial  complex  ;  human  embryo, 

fifth  week 500 

832.  Scheme  of  peripheral  termination  of  N.  vestibuli   ....     501 

333.  Isolated  impregnated  inter-epithelial  end   arborization  from  the 

macula  aeustica  sjicculi 502 

334.  Lateral  sagittal  section  through  the  N.  vestibuli  of  fa^tnl  mouse  .  503 

335.  Diagram  of  nuclei  of  cochlear  and  vestibular  nerves      .        .        .  506 
3iJ6.  Transverse  section  of  medulla  oblongata  and  cerebellum  of  new- 
born babe  showing  nucleus  dentatus 508 

337.  Transverse  section  through  medulla  oblongata  at  the  junction  of 

th?  latter  with  the  pons 510 


xxiv  THE  NERVOUS  SYSTEM. 

FIOURB  PAOK 

874.  Transverse  section  through  medulla  oblongata  at  the  level  of  de- 

cussatio  pyrainidum 559 

875.  Transverse  section   through  medulla  oblongata  showing  nervus 

hypoglossus 560 

376.  Transverse  section  of  medulla  oblongata  at  level  of  caudal  end  of 

nucleus  olivaris  inferior 561 

877.  Transverse  section  of  medulla  oblongata,  level  of  the  middle  of 

the  nucleus  olivaris  inferior 562 

878.  Transverse  section  through  medulla  oblongata  at  the  level  of  the 

decussatio  lemniscorum 563 

879.  Fibrap  arcuata^ 564 

380.  Same  as  Fig.  322 566 

381.  Same  as  Fig.  324 567 

382.  Course  of  axoncs  from  nuclei  of  dorsal  funiculi  to  lemniscus  and 

corpus  restiforme 571 

383.  Transverse  section  of  medulla  showing  degeneration  following  de- 

struction of  nucleus  funiculi  gracilis 572 

884.  Transverse  section  of  medulla  showing  degeneration  following  de- 
struction of  nucleus  funiculi  gracilis  at  a  higher  level    .        .    573 

385.  Frontal  section  through  rhombencephalon  of  monkey  after  de- 

struction of  nucleus  funiculi  cuneati  and  of  corpus  resti- 
forme   574 

386.  Transverse  sections  through  posterior  half  of  pons  and  through 

midbrain 578 

387.  Cross  sections  through  human  spinal  cord 582 

388.  Nerve  cell  from  nucleus  dorsalis,  human  embryo    ....  583 

389.  Frontal  section  at  junction  of  pars  thoracalis  and  pars  lumbalis 

of  spinal  cord 584 

390.  Transverse  section  through  pars  cervicalis  of  the  cord  .        .        .    585 

391.  Transverse  section  through  u{)per  third  of  medulla  oblongata  of 

human  foetus      .        »        .        .        .        .  ♦     .        .  .    586 

392.  Frontal  section  of  medulla  oblongata  and  cerebellum  of  seven 

months' fa^tus;  level  of  nucleus  vestibuli         ....    587 

393.  Frontal  section  of  medulla  oblongata  and  cerebellum  of  seven 

months'  foetus  at  the  level  of  nucleus  dentatus        .        .        .    588 

394.  Frontal  section  through   rhombencephalon  of  monkey  after  de- 

struction of  nucleus  funiculi  cuneati  and  corpus  restiforme    .    589 

395.  Transverse  section  of  spinal  cord  at  the  level  of  fourth  cervical 

segment  to  show  degeneration  of  Gowers'  tract        .        .        .    591 

396.  Scheme  of  course  of  fibres  of  the  two  principal  tracts  from  spinal 

cord  to  cerebellum 593 

397.  Degeneration  of  Gowers'  tract  above  medulla  oblongata        .        .  595 

398.  Ascending  degeneration  of  Gr)wers'  tract 596 

390.  Central  sensory  conduction  paths  in  the  spinal  cord       .        .        .  605 

400.  Tautomeric,  beteromeric.   and   hecateromeric   neurones  in   pars 

lumbalis  of  human  spinal  cord 607 

401.  Transverse  section  through  posterior  i>art  of  {X)ns  ....    610 


LIST  OF  ILLUSTRATIONS. 


i.  Section  through  medullft  oblongata  at  leTel  of  N.  Tsgiis  and  X. 

hjpoglossus 

).  Section  through  medulla  abloiigata;  level  of  root  of  N.  gloxso- 

phdryngeus 

I.  Cro^  section  through  i»thiuuti  rhombencephali       .... 

i.  Same  as  Fig.  331 

).  Sagittal  section  of  medulla,  pons,  and  midbrain  in  child  aged 

three  months 

I  Same  aa  Fig.  325 

i.  Section  through  nucleus  alic  cinerete  in  child  six  weeks  old  . 

).  Same  as  Fig.  329 

>.  Transverse  section  of  medulla  through  nucleus  commissuralis 

I.  Same  as  Fig.  335       .        .       .  

!.  Section   through    rhombencephalon   below   the    genu   internum 

radicis  N.  facialis 

).  Frontal  seetioii  through  pons,  showing  Deiters'  and  Bechlerew's 

nuclei  in  newborn  mouse 

I.  Same  as  Fig.  315 

S.  Same  as  Pig.  Sift 

(.  Same  as  Fig.  312 

r.  Transverse  section  through  rhombencephalon  of  mouse  showing 

Deiters'  nucleus 

i.  Oblique  section  through  brain  stem  of  newborn  cat  showing  path 

from  Deiters'  nucleus  to  the  cord 

K  Transverse  section  through  Deiters"  nucleus  in  the  mouse 

).  norizontal  section  through  medulla,  pons,  and  midbrain  of  new- 

bom  babe,  level  of  deciissatio  bracbii  c-onjuntlivi  and  nucleus 

reticularis  tegmenti 

I.  Same  as  Fig.  346 

!.  Transverse  seclion  through  brain  stem  of  young  rat  showing  de- 
cussation from  the  nuclei  N.  Crigemint 

I.  Horizontal  section  of  cerebellum  showing  marginal  thickenings 

of  the  Kngula 

I.  Transverse  section   through  cerebellum   and  medulla  of  human 

embryo  showing  nucleus  dentatus 

i.  Same  as  Fig.  310 

I.  Same  as  Fig.  314 

r.  Same  as  Pig.  318 

i.  Stilling's  large  and  small  "scissors"  of  the  braiii  .... 

I.  Same  as  Fig.  316 

).  Same  as  Fig.  420 

1.  Same  as  Fig.  404 

'..  Same  as  Fig.  386 

t.  Frontal  section  through   cerebellum   and   pons  of   tietal  mouse 

showing  N.  trigeminus 

I.  Lateral  sagittal  section  through  pons  and  cerebellum   of  ftctnl 

mouse  showing  sensory  part  of  N.  trigeminus  .... 


xxvi  THE  NERVOUS  SYSTEM. 

nOURB  PAOB 

435.  Transverse  section  through  middle  of  superior  collicuhis       .        .  069 

436.  Frontal  section  through  human  brain  stem  showing  Forel's  Feld 

II  and  the  corpus  Luysi 670 

437.  Frontal  section  through  hypothalamic  region,  human  brain          .  678 

438.  Frontal  section  through  brain  stem  showing  Forel's  Feld  //j  and 

H^ 673 

439.  Frontal   section   through   brain   stem   of    man   showing  corpus 

Luysi 676 

440.  Frontal  section  through  decussatio  brachii  conjunctivi .        .        .  681 

441.  Frontal  section  through  normal  human  brain  at  level  of  corpus 

geniculatum  mediale 682 

442.  Frontal  section  through  human  brain  at  level  of  nucleus  hypo- 

thalamicus 683 

443.  Frontal  section  through  human  brain  at  level  of  ansa  lenticula- 

ris 684 

444.  Frontal  section  through  human  brain  at  level  of  thalamus    .        .  685 

445.  Isthmus  rhombencephali  in  profile 687 

446.  Scheme  of  fibres  in  superior  colliculus 688 

447.  vSame  as  Fig.  378 '.        ...  689 

448.  Same  as  Fig.  314 690 

449.  Same  as  Fig.  323 691 

450.  Sagittal  section  of  babe*s  brain  showing  capsula  interna        .        .  692 

451.  Same  as  preceding 093 

452.  Same  as  Fig.  316 695 

453.  Same  as  Fig.  323 696 

454.  Schemes  of  course  of  lemniscus  medialis 698 

455.  Scheme  of  degeneration  in  a  case  of  Hoesel  and  Flechsig       .        .  703 

456.  Scheme  of  central  paths 706 

457.  Degeneration  after  destruction  of  dorsal  funiculi   ....  710 

458.  Cortical  area  of  termination  of  lemniscus  fibres  in  the  cat     .        .712 

459.  Same  as  Fig.  406 .719 

460.  Sagittal  section  through  brain  of  fcetal  mouse  showing  fasciculus 

longitudinalis 720 

461.  Same  as  Fig.  323 722 

462.  Same  as  Fig.  324 723 

463.  Same  as  Fig.  317 724 

464.  Same  as  Fig  409 728 

465.  Same  as  Fig.  412 729 

466.  Sagittal  section  through  human  brain 735 

467.  PVontal  section  through  human  brain 736 

4GH.  Horizontal  section  through  human  brain 737 

409,  470.  Scheme  of  general  somjesthetic  paths        ....     742,  744 

471.  Scheme  of  neurones  superimposed  in  general  sonuTsthetic  paths  .  745 

472.  SchcMne  of  relations  of  anterior  and  posterior  olfactory  lobes          .  750 

473.  Basal  surface  of  hunuin  fa'tus,  fifth  month 751 

474.  Hasal  surface  of  brain  of  man  forty-three  years  old         .         .         .  752 

475.  lihinecephalon  of  a  man  forty-three  years  old          ....  753 


LIST  OF  ILLUSTRATIONS. 


8.  liowsr  p»rl  of  gyrus  hipiiocatnpLis   .... 

7.  Interiur  anterior  extremity  of  gyrus  hipiiotuiupiiB  . 

8.  Frontal  seel  ion  of  bulbus  oifaetoriua  of  young  rabbit 

9.  Transverse  section  of  human  bulbus  olfactorius      . 

0.  Horizontal  wclion  through  bulbus  and  tractus  olfactorii 

1.  Mitral  celts  from  mouse  twpnty-tour  d&ys  old 

2.  Ituibus  ulfactorius  of  mouse  twentj-four  days  old  . 
S.  Same  as  Pig.  }I51         .        .  .... 

4.  Bulbus  ct  lobus  olfactnrius  of  rabbitin  horizontal  section      .         .     'i 

5.  Throe  olfactory  gntniiles  from  a  cat 1 

6.  Ventral   part  of  frontal  section  of  rabbit's  brain  showing  basal 

ganglion ', 

7.  Islands  of  pyramidal  cells  in  tuberculum  oKactorium  of  rabbit     .    1 

8.  One  of  Callcja's  islands  in  the  olfactory  tubercle  of  the  rabbit       .    7 

8.  Section  through  base  of  brain  and  hippocampus     ...         .7 

0.  Cells  from  nucleus  corporis  mammillaris  of  a  child         .        .        .7 

1.  Sagittal  section  through  corpus  mammillare  of  newborn  mouse    .    3 

3.  Frontal  section  through  nucleus   ruber   and   nucleus   N.  oculo- 

motorii  of  tietat  mouse 7 

3.  Oblique  section  through  brain  stem  of  cat  four  days  old  showing 

tonnatio  reticularis 7 

4.  Oblique  section  through  brain  stem  of  cat  four  days  old  showing 

the  decussationes  tcgmenti 7 

5.  Oblique  section  through  brain  stem  of  cat  eleven  days  old  showing 

origin  of  fibres  of  fasciculus  tongitudinalis  modialis  .  .  7 
B.  TransTerse  section  through  tela  chorioidea  ventriculi  tertii  .  .  7 
7.  Sagittal  section  of  brain  of  a  rabbit  with  bands  of  ftbrcs  in  three 

pi«»» 1 

i.  Oolgi  preparation  from  peduncular  region  of  mouse       .        .        .7 

9.  Diagram  of  Meynert's  bundle 7 

B.  Ilorizonlal  section  of  brain  of  Gyprinfui  carpio  ....  7 
1,  502.  Principal  neurone  systems  of  olfactory  conduction  path .     77S,  7 

i.  Serve  cells  from  the  retina  of  the  chick 1 

1.  Brains  illustrating  atrophy  following  rt'moval  of  eye  in  newborn 

rabbit 7 

\  Removal  of  left  half  of  chiasma  optiouin  with  the  commissura 

inferior  Ouildeni  in  the  rabbit 7 

S.  C'bianma  opticum  and  tractus  opticus  in  human  brain  .  .  .  ' 
7.  Scheme  showing  Ilenschen's  investigations  on  relations  of  bundles 


!.  Av. 


I.  Abscnro  of  optic  chiasm 

I.  A  portion  of  the  right  cerebral  hemisphere  to  illustrate  the  bi 

cerebri 

I.  Frontal  sections  through  cot^nis  geniculatum  laterale  of  dog 
..  Horizontal  section  through  cerebral  peiinncle  and  hypothalam 
!.  Corpus  geuiculsium  hilerale  of  newborn  cat    .... 
t.  Pulvirmr  of  mouse  five  davs  <)ld 


xxviii  THE  NERVOUS  SYSTEiM. 

FIGURE  PAOK 

514.  Transverse  section  of  normal  human  optic  chiasm  ....  806 

515.  Section  of  brain  of  child  three  months  old  showing  optic  chiasm  .  806 

516.  Brain  of  rabbit  after  removal  of  one  eye  and  severance  of  tract  us 

opticus 807 

517.  Frontal  si^ction  through  human  hypothalamus       ....  808 

518.  Frontal  section  through  colliculus  superior  of  the  rabbit       .        .810 

519.  Transverse  section  through  colliculus  superior  of  rabbit        .        .811 

520.  Frontal  section  through  occipital  lobe 813 

521.  Frontal  section  of  human  brain  illustrating  visual  conduction  path  814 

522.  Frontal  section  of  human  brain  illustrating  occipito-thalamic 

radiation 815 

523.  Frontal  section  of  human  brain  illustrating  occipito-thalamic  radi- 

ation, etc. 816 

524.  Posterior  part  of  left  cerebral  hemisphere,  medial  surface     .        .  817 

525.  Horizontal  section  from  brain  of  child  in  second  week  of  life        .  818 

526.  Normal  and  degenerated  corpus  geniculatum  laterale    .        .        .819 

527.  Frontal  section  through  nucleus  habenula?  and  thalamus  of  new- 

born mouse 820 

528.  Section  through  cortex  of  the  gyrus  occipitalis  suj)erior         .        .  822 

529.  Scheme  of  visual  conduction  paths 824 

530.  Scheme  of  hypothetical  decussation  of  axoues  from  corpus  genicu- 

latum laterale  to  lobus  occipitalis 825 

531.  Optic  central  paths  illustrating  von  Monakow's  view  of  represen- 

tation of  the  retina  in  the  cortex 827 

532.  Scheme  of  optic  paths  illustrating  cortical  and  subcortical  hemi- 

anopsia          829 

533.  Visual  conduction  path 833 

534.  Visual  conduction  paths 834 

535.  Section  of  brain  stem  of  newborn  cat  illustrating  the  separation 

of  the  fasciculus  longitudinalis  from  the  fibre  system  from 
the  colliculus  superior  to  the  ventro-lateral  funiculi  and  the 

relation  of  the  lat<>ral  lemniscus  to  the  colliculus  inferior       .  838 

536.  Transverse  section  of  medulla  oblongata  showing  cochlear  nuclei.  842 

537.  Same  as  Fig.  313 844 

538.  Same  as  Fig.  323 845 

539.  Same  as  Fig.  314 846 

540.  Same  as  Fig.  440 "...  847 

541.  Nucleus  nervi  cochlea?  ventralis  of  newborn  cat      ....  848 

542.  Nuclei  terminales  of  nervus  cochlea?  of  four-day-old  rabbit   .        .  850 

543.  Cross  section  of  pons  showing  nucleus  nervi  cochlea?  ventralis      .  853 

544.  Transverse  section  through  nucleus  olivaris  superior      .        .        .  855 

545.  Terminals  of  axones  in  the  nucleus  corporis  trapezoidei.        .        .  856 

546.  Cell  from  nucleus  corporis  trapezoidei  of  newborn  cat  .        .        .  857 

547.  Cell  from  nucleus  corporis  trapezoidei  of  adult  rabbit    .        .        .  858 

548.  Transverse  section   through   corpus  trapezoideum    of    newborn 

mouse 859 

549.  Nucleus  semilunaris  of  newborn  cat 860 


LIST   OP  ILLUSTRATIONS. 


XXIX 


FIOURS  PAO« 

550.  Cat's  brain  after  section  of  lemniscus  lateralis        ....  861 

551.  Transition  of  corpus  trapezoideura  into  lemniscus  lateralis    .        .  863 

552.  Same  as  Fig.  314 865 

553.  Transverse  section  of  colliculus  inferior  of  cat        ....  866 

654.  Termination  of  axones  of  nervus  cochlea?  in  the  central  nervous 

system 867 

655.  Neurones  with  descending  axones  in  the  central  acoustic  paths    .  869 

656.  Relations  of  lemniscus  lateralis  to  corpora  quadrigemina      .        .  870 

657.  Optic  and  acoustic  reflex  paths 871 

658.  Corpus  trapezoideum  in  brain  of  rabbit 872 

559.  Frontal  section  of  human  brain  in  which  there  was  a  lesion  caus- 
ing degeneration  of    corpus   geniculatum   mediale,   nucleus 

ruber,  substantia  nigra,  zona  incerta,  and  colliculus  inferior  .  874 

660.  Sagittal  section  of  babe's  brain  shortly  after  birth ....  876 

661.  Sagittal  section  through  brain  of  a  babe  at  the  end  of  the  second 

month  of  life 877 

562.  Frontal  section  through  hemisphere  of  a  child  four  and  a  half 

months  old 877 

563.  Nerve  cells  in  the  cortex  of  gyrus  temporalis  superior  .        .        .  878 
564  Horizontal  section  through  brain  showing  relations  of  auditory 

sense  area  to  the  speech  centres 879 

565,  566.  Scheme  of  auditory  conduction  path        ....     880, 881 

667.  Scheme  of  structure  of  spinal  cord 886 

568.  Cells  in  a  frontal  longitudinal  section  through  thoracic  spinal 

cord  of  newborn  babe 889 

669.  Motor  cell  from  ventral  horn  of  spinal  cord  of  rabbit    .        .        .  890 

570.  Ventral  horn  cell  from  lumbar  cord  of  ox 891 

671.  Transverse  section  of  spinal  cord  of  Lacerta  a^ilis        .        .        .  891 

572.  Spinal  cord  in  connection  with  medulla  oblongata  and  pons.        .  893 

573.  Nerve  plexuses  and  terminals  from  muscle  of  lizard               .        .  894 

674.  Motor  telodendrion  from  Lacerta  agilis 896 

675.  Motor  nerve  ending  on  the  M.  gastrocnemius  of  the  frog      .        .  896 

576.  Nerve  ending  on  an  intercostal  muscle  of  the  rabbit              .        .  896 

577.  Scheme  of  lower  motor  neurone 898 

578.  Muscle  nuclei  of  human  cervical  cord 905 

579.  Spinal  cord  of  adult  man  showing  grouping  of  nerve  cells;  level 

ofC.  II 906 

580.  Transverse  section  of  human  spinal  cord  at  level  of  C.  V      .        .  907 

681.  Transverse  section  of  human  spinal  cord  at  level  of  C.  VIII .        .  908 

682.  Transverse  section  of  human  fcotal  cord 909 

583.  Grouping  of  cell  bodies  of  lower  motor  neurones   innervating 

various  muscles 910 

584.  Diagram  of  human  spinal  cord  at  level  of  C.  Ill,  from  a  case  of 

poliomyelitis 911 

585.  Columns  of  gray  matter  and  motor  nuclei  of  intumescentia  cervi- 

calis 912 

586.  Columns  of  gray  matter  and  motor  nuclei  of  intumescentia  lumbalis  913 


XXX  THE  NERVOUS  SYSTEM. 

FICrWE  PAQK 

587.  Brain  showing  the  origin  and  termination  of  norvi  corohrales,  hu- 

man embryo 916 

588.  Cerebrum  with  portion  of  spinal  cord,  ventral  surfuco   .        .        .  918 

589.  First  cephalic  cavity,  pra»cordial  part  of  skull  from  Larerta  viridis  920 

590.  Development  of  muscles  of  mastication 921 

591.  Embryo  of  Lacerta  viridis  to  show  origin  of  muscles  of  tongue    .  923 

592.  Diagram  of  sensory  components  of  cerebral  nerves  of  Jlenidia    .  923 

593.  Same  as  Fig.  325 925 

594.  Same  as  Fig.  410 927 

595.  Transverse  section  at  the  junction  of  pars  cervicalis  of  the  cord 

with  medulla  oblongata  showing  nervus  accessorius        .        .  928 

596.  Same  as  Fig.  312 931 

597.  Same  as  Fig.  313 934 

598.  Sagittal  section  through  rhombencephalon  of  foetus       .        .        .  935 

599.  Scheme  showing  motor  and  sensory  neurones  of  nervus  trigeminus  936 

600.  Frontal  section  through  brain  stem  of  fcetal  mouse  showing  nuclei 

of  nervus  trigemini 937 

601.  Same  as  Fig.  321 939 

602.  Same  as  Fig.  314 940 

603.  Same  as  Fig.  317 941 

604.  Scheme  of  the  nuclei  nervorum  oculo-motorium     ....  944 

605.  NucleusoriginisetfilaradiculariaN.oculo-motorii  of  embryo  duck  946 

606.  Same  as  Fig.  557 948 

607.  608.  Schemes  of  re  Hex  mechanism  of  spinal  cord    ....  953 

609.  Section  through  medulla  oblongata  and  upper  cervical  cord  show- 

ing non-mcdullated  olivo-spinal  fasciculus       ....  955 

610.  Dorso-latcral  view  of  nucleus  olivaris  inferior         ....  957 

611.  Ventral  view  of  nucleus  olivaris  inferior 958 

612.  Same  as  Fig.  311 961 

613.  Descending  degeneration  in  spinal  cord  after  section  of  corpus 

restiforme 965 

614.  Degeneration  following  section  of  corpus  restiforme      .                .  966 

615.  Cross  section  of  cervical  cord  showing  degeneration  after  section 

of  corpus  restiforme  of  dog 967 

616.  Section  showing  relation  of  nucleus  lateralis  superior  through 

fasciculus  longitudinal  is  medialis 970 

617.  Section  through  pons  showing  degeneration  after  removal  of  left 

hemisphere 971 

618.  Section  showing  degeneration  of  decussatio  pyramidum  after  re- 

moval of  left  hemisphere 972 

619.  Section  through  cervical  cord  showing  degeneration  after  removal 

of  left  hemisphere 973 

620.  Large  f)yramidal  cells  of  cortex 977 

621.  Diagram  of  giant  pyramidal  cells  in  gyrus  centralis  anterior  in  a 

man  fortv-three  vears  old 978 

622.  Normal  Retz  cell  from  human  paracentral  lobule   ....  979 

623.  Section  through  gyrus  centralis  anterior 980 


LIST   OF    ILM'STKATIONS. 


624.  Scheme  o(  <l(<i;iissnlio  pyuniiiliim     . 

625.  Uorizotitnl  section  thruugli  globus  palliiliis  in  n 
62G.  ilorizontal  soctioD  through  nucleus  lentitormis 
027.  Horizontal  svetiou  through  nucleus  lenliformis 

628.  Horizontal  section  throng'h  nucleus  tentiformia  in 

629.  Section  at  right  angles  to  the  longitudinal  fibres 

dunculi  (junction  of  upper  with  middle  third) 
60  to  51  ciD.  long 

630.  Transverse  section  through  Ibe  spinal  eorJ  of  a 

about  50  cm.  long  ;  level  of  sixth  cervical  ner' 
031.  Transverse  section  throngh  the  spinal  cord  of  a 

about  50  cm.  long;  level  of  fourth  lumbar  net 
632.  Early  experiments  of  Iteevor  and  lloraley  at  inntot 


born  bubc 
newborn  balie 
newborn  bal>c 
newborn  babe 
>f  the  basis  pe- 
newborn  babe, 


newborn  babe, 
newborn  babe, 
cerebral  local i 


1006 


1009 


1013 


I,  634.  Mutoi'  cerebral  localization  in  the  monkey       .        .        .     968,  990 

I.  Comparison  of  motor  representation  in  the  bonnet  monkey  and  in 

the  orang-outang 1001 

I.  Sagittal  section  through  the  brain  of  the  monkey,  illustrating  the 

internal  capsule 1004 

'.  Position  of  fibres  at  various  levels  in  the  capsula  interna  of  the 

monkey 1005 

I.  Ilorizontal  section  through  the  right  cerebral  hemisphere  cut  at 
a  dist&nce  of  61  mm.  below  its  superior  border 

I.  Drawn  from  a  photograph  (magnified  twice)  of  the  outer  surface 
ot  a  monkey's  left  hemisphere         .... 

I.  Experimental  stimulation  of  freshly  cut  substantia  alba  of  dog's 
Bpinal  cord 

.  Degeneration  following  ha^mo^rhage  ot  six  monlhs'  duration  in 
the  nucleus  lateralis  thalami  and  In  the  lenticulo-optic  por- 
tion of  the  capsula  interna 

1.  Portion  of  pyramidal  tract  in  cross  section  which  has  undergone 

secondary  degeneration lOlS 

I.  Secondary  degeneration  of  motor  fibres  from  the  pallium  after 

extensive  cerebral  lesion 1018, 1019 

I.  Non-medullated  fibres  in  the  lemniscus  at  birth  corresponding 

to  the  centrifugal  bundles  of  the  lemniscus    ....     1021 

i.  Brain  of  monkey  showing  cortical  area  extirpates!       .       .       .    1024 

I,  Horizontal  section  of  monkey's  brain  showing  area  of  degenera- 
tion in  internal  capsule,  following  lesion  of  hallux  centre     .     1026 

'.  Degenerated  area  in  Fig.  646,  enlarged 1025 

I.  Deeussatio  pyramidum,  hallux  lesion,  showing  degenerated  fibres 

passing  U>  fasciculus  cereliro-spinalis  lateralis  of  both  sides  .     1026 

I.  Spinal  cord  at  the  leTel  of  the  eleventh  thoracic  root,  hallux 

lesion.     Bilateral  degeneration 1027 

i.  Section  of  spinal  cord  at  the  level  of  first  rervica]  root;  di'gen- 
eration  in  right  fasciculus  ccrebro-spinalis  lateralis  after  ex- 
cision of  thumb  centre  of  left  hemisphere       ....     1028 


xxxii  THE  NERVOUS  SYSTEM. 

PIOURB  PAOB 

651.  Horizontal  section  of  monkey's  brain  showing  location  of  degen- 

eration following  lesion  of  the  facial  area       ....     1029 

652.  Degenerated  area  in  Fig.  651  enlarged 1030 

653.  Horizontal  section  of  monkey's  brain  through  basis  pedunculi 

showing  location  of  degeneration  following  excision  of  an 

area  marked  F  in  Fig.  645 1031 

654.  Degenerated  area  in  Fig.  653  enlarged 1032 

655.  Scheme  showing  the  probable  course  of  impulses  and  the  inter- 

neuronal  connections  in  the  cortex  cerebri     ....     1034 

656.  Diagram  of  the  cells  of  the  cerebral  cortex 1035 

657.  658.  Schemes  of  upper  and  lower  motor  neurones.  .    1037,  1038 

659.  Scheme  of  frontal  cerebro-corticopontal  path        ....     1041 

660.  Frontal  section  through  the  region  of  the  nucleus  N.  trochlearis 

and  the  decussatio  braehii  conjunctivi 1042 

661.  Secondary  degeneration  following  lesion  in  the  left  middle  and 

inferior  frontal  gjri 1043 

662.  Zone  of  the  cerebral  cortex,  lesion  of  which  causes  degeneration 

of  all  the  fibres  of  the  basis  pedunculi 1046 

663.  Cortex  of  human  brain  illustrating  the  systems  and  plexuses  of 

nerve  fibres 1050 

664.  Sagittal  section  through  the  brain  of  a  babe  shortly  after  birth 

illustrating  the  projection  fibres  to  the  somsBsthetic  area      .     1051 

665.  Scheme  of  a  transverse  section  through  the  brain  showing  the 

probable  disposition  of  the  commissural  and  projection  fibres    1054 

666.  Scheme  of  the  commissura  anterior  cerebri 1056 

667.  Scheme  of  an  antero-posterior  section  through  the  cerebrum 

showing  the  disposition  of  the  axones  of  association  neurones 
which  connect  the  lobus  frontalis  with  the  lobus  occipitalis .     1059 

668.  Vertical  transverse  section  of  the  left  occipital  lobe  to  show  the 

origin  and  course  of  the  short  association  fibres  of  the  lobus 
occipitalis 106O 

669.  P^acies  medialis  hemisphserii  sinistri  showing  the  cingulum,  the 

fasciculus  longitudinalis  inferior,  and  other  bundles  of  asso- 
ciation fibres 1062 

670.  Marchi  preparation  showing  degeneration  in  dog's  brain  after 

destruction  of  the  lobus  frontalis 1063 

671.  Lateral  surface  of  the  left  cerebral  hemisphere     ....     1064 

672.  Vertical  transverse  section  passing  through  the  posterior  part  of 

the  pnecuneus,  the  fissura  parieto-occipitalis,  the  fissura  cal- 
carina,  etc 1066 

673.  Two  vertical  transverse  sections  from  a  cerebral  hemisphere,  with 

agenesis  of  the  corpus  callosum 1068 

674.  Fasciculus  occipito-fron talis,  taenia  semicircularis,  and  fasciculus 

uncinatus 1069 

675.  View  of  lateral  surface  of  right  cerebral  hemisphere  showing 

sense  centres  and  association  centres 1072 

676.  View  of  the  medial  surface  of  the  left  cerebral  hemisphere  show- 

ing sense  centres  and  association  centres        ....     1073 


2  THE  NERVOUS  SYSTEM. 

still  remain  the  most  attractive  and  absorbing.  At  the  end  of 
a  decade  which  has  witnessed  an  unprecedented  activity  in  this 
domain,  the  results  of  which  have  led  to  a  complete  revolution 
m  our  ideas  concerning  the  elements  of  the  nervous  organs  and 
their  architectural  relations,  and  have  supplied  us  with  a  host 
of  new  methods  of  investigation,  the  study  of  neurology,  espe- 
cially of  the  human  nervous  system  in  health  and  in  disease,  is 
particularly  alluring.  Entirely  new  avenues  of  research  have 
been  opened  up,  and  problems  hitherto  thought  to  be  situated 
almost  outside  the  limits  of  scientific  inquiry  now  seem  at  least 
within  human  possibility. 

It  may  be  stated  in  the  beginning  that  it  has  seemed  to  me 
advisable  to  gather  together  in  as  simple  a  manner  as  possible 
some  of  the  more  general  results  of  modern  neurological  inves- 
tigation and  to  hint  rather  at  the  outlook  for  the  future  than 
to  detail  at  length  the  results  of  any  single  original  research. 
Nor  would  it  be  possible  in  the  space  at  my  disposal  to  cite 
even  the  main  results  obtained  in  all  the  different  directions  in 
which  neurological  inquiry  has  been  pursued.  I  shall  have  to 
be  content  with  reviewing  some  of  the  main  achievements  in 
the  departments  with  which  I  am  most  familiar,  leaving  it,  how- 
ever, to  be  distinctly  understood  that  in  the  others  many  just 
as  important  conclusions  have  been  arrived  at  and  much  funda- 
mental experimentation  is  still  in  progress. 

Entertaining  as  it  could  be  made,  it  is  not  my  purpose  to 
give  a  review  of  the  evolution  of  the  various  doctrines  held  at 
different  times  regarding  the  structure  and  function  of  the  cen- 
tral and  peripheral  nervous  system,  nor  to  describe  the  gradual 
modifications  and  inventions  in  anatomical  and  histological 
technique  which  have  been  evolved  with  each  new  theory  and 
which  have  opened  up  new  fields  for  study.  It  will  be  neces- 
sary, however,  in  order  to  make  clear  the  phenomenal  advance 
represented  by  the  ideas  which  at  present  prevail,  to  speak 
briefly  of  the  unsatisfactory  state  of  the  views  which  imme- 
diately preceded  them. 

Considering  the  remarkable  activity  manifested  during  the 
epoch-making  period  of  1838-40,  when,  incited  by  the  publica- 
tions of  Schleiden  and  Schwann,  anatomists  busied  themselves 
in  ransacking  all  regions  of  the  body,  hunting  for  "  cells,"  it  is 
not  surprising  that  a  number  of  tliem  turned  their  attention  to 
the  nervous  organs,  concerning  the  finer  structure  of  which 
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little  was  then  known.  Ehrenberg,  as  early  as  1833,  in  study- 
ing the  Epinul  ganglia  and  the  central  nervoue  eystem,  had 
undoubtedly  seen  the  ganglion  cells  in  the  former  and  the  me- 
duUated  fibres  in  the  latter,  although  he  described  them  as  capil- 
lary tubes.  After  him,  Valentine  and  Purkinje  gave  better 
descriptions,  the  former  of  the  spinal  ganglion  ceils,  the  latter 
of  the  ganglion  cells  in  the  brain.  Emmert,  Henle,  and  Rosen- 
thal studied  the  differences  in  size  and  number  of  the  fibres  in 
the  ventral  and  dorsal  roots  of  the  spinal  nerves.*  But  to 
Remak  and  Helmholtz  belongs  the  credit  of  showing  that  a 
portion,  at  least,  of  the  processes  of  the  nerve  cells  of  verte- 
brates go  directly  over  to  form  nerve  fibres,  at  any  rate  in  the 
sympathetic  system.  Von  KoUiker  in  1844  described  the  uni- 
polarity  of  the  cells  in  the  ganglia  of  the  dorsal  roots,  and  the 
origin  of  meduUated  nerve  fibres  from  them,  although  it  was 
not  until  1875  that  Ranvier  demonstrated  the  T-shaped  division 
of  the  process  at  a  distance  from  the  cell,  while  the  real  expla- 
nation of  the  unipolarity  and  its  relation  to  the  bipolar  condi- 
tion in  fishes  was  first  worked  out  in  the  embryological  studies 
of  His. 

With  regard  to  the  connection  of  the  nerve  cells,  within  the 
central  nervous  system  itself,  with  conduction  paths,  the  first 
observation  is  that  of  Wagner,f  who  in  1847,  while  studying  the 
electric  lobe  of  the  torpedo's  brain,  found  that  of  the  numerous 
processes  possessed  by  the  nerve  cells  only  one  or  rarely  two 
remained  unbranched  and  became  connected  with  a  nerve  fibre, 
a  finding  which  Remak  in  1854  asserted  also  for  the  cord  and 
brain  of  the  ox,  and  which  in  the  following  year  he  stated  was 
true  in  general  of  all  motor  cells.     The  most  important  obser- 

•  The  discovery  that  the  ventral  roots  of  the  spinal  nerves  are  concerned 
with  motion,  the  dorsal  roots  with  sensation,  had  been  maile  earlier  by  the 
eminent  British  surgeon  and  anatomist.  Sir  Charles  Bell.  His  views  on  the 
structure  of  the  nervous  system  are  containeil  in  the  following  three  works: 
(1)  Idea  of  a  New  AnaUituy  of  the  Brain ;  Submitted  for  Ihu  Observations  of 
his  Friends.  36  pp.  8vo  (London,  1811) :  (2)  An  Exposition  of  the  Natural 
System  of  the  Nerveu  of  the  Human  Body,  with  a  Republication  of  Ihe 
Papers  Delivered  to  the  Royal  Society  on  the  Subject  of  Nerves,  vii,  392  pp. 
8vo  ([A)Tidon,  1824) ;  (3)  The  Nervous  System  of  the  Human  Body,  etc.,  4lo 
(London,  1830 ;  third  Hlition.  Kdinburgh.  1844). 

t  Wagner.  R.  Ueber  der  feineren  Ban  des  eleklrischen  Orfians  im  Zitler- 
rachen,  4lo  (GSttingcn.  1847) ;  also,  Neuc  Untcrsuchungen  Qlier  den  Ban  uud 
die  Kndigung  dir  Nerven  und  die  Struktur  der  Ganglien  (Ijeipzig,  1847). 
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Tations  and  generalizations  of  this  period  were,  however,  made 
by  Deitere,  the  distinguished  investigator  at  Bonn,  who,  tike 
many  others  who  have  Buccesefully  pursued  scientific  stadies, 
died  at  a  comparatively  early  age.* 

Deiters  made  an  extremely  careful  study  of  the  various  pro- 
cesses of  nerve  cells  with  the  best  technical  methods  at  hia  dis- 
posal and  classed  them  all  in  two  great  groups :  (1)  Protoplasmic 
processes  which  were  branched  and  the  internal  structure  of 


which  corresponded  closely  to  that  of  the  body  of  the  nerve  cell, 
the  protoplasm  of  the  process  being  granular,  and  sometimes 
even  pigmented ;  and  (d)  axis-cylinder  or  nervous  procesaes 
consisting  of  a  rigid  hyaline,  more  resistitnt  substance  which  at 
a  short  distance  from  its  origin  in  the  nerve  cell  passed  directly 
over  into  u  meduUated  nerve  fibre  (Fig,  l),f 

•  OHo  Deiters"  bixik,  UntiTsuthiingeii  illxr  fichirn  unci  Hilckenmarit  des 
Menschen  unci  dur  Silufrethii're.  Brniinschweif;.  ISW,  wnc  iasupil  by  Max 
Sehultze,  two  years  nflcr  the  aiithiir's  death. 

t  In  renlity.  Deiters  descrihes  two  kinda  ot  axis-cylinder  pniccssi's,  coarse 
and  fliip,  the  dcsrriplinn  in  the  text  applying  to  the  runtier,  lie  thought 
that  the  finer  axis-cylinder  (iri«e,ise»  cnulil  lie  present  in  large  numbers  on 
single  nerre  cells,  arising  frrim  the  pni(o|ila.smie  prooesses  and  goind  over 
intc]  the  fine  meduIUtciifibresor  the  i-entralnervmisorEans.  These  finerasis- 
cylinderprncesseii  have  been  rei'ently  pmvedby  Ihoili'lifialphislnlogipal  meth- 
ods ol  Held  to  be  the  tenniniils  of  axis-rylinder  pror.TSJie>i  nf  iither  cellB  thua 
ending  on,  Dut  arising  from,  tlie  cell  with  whieh  they  seem  to  Ih>  coiniocted. 
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Waldeyer,  in  his  excellent  review  of  the  more  recent  inves- 
tigations into  the  anatomy  of  the  nervous  ayftem,*  lays  em- 
phasis upon  the  point  that  despite  the  enormous  value  of  his 
researches  Deiters  did  not  actually  demonstrate  the  connection 
of  a  ganglion  cell  of  the  central  nervous  system  with  a  periph- 
eral nerve  fibre,  a  fact  to  which  Eolliker  and  Gerlach  had  pre- 
viously made  reference.  The  connections  of  the  axis-cylinder 
processes  of  the  cells  of  the  ventral  horns  with  the  axis  cylin- 
ders of  the  fibres  of  the  motor  roots  of  the  spinal  nerves  were 
first  absolutely  established  by  the  use  of  Weigert's  mordant 
methods  of  staining  the  myelin  sheath,  f  The  counting  experi- 
ments of  BirgeJ  in  Ludwig's  laboratory  showed  a  remarkable 
accordance  in  the  number  of  ventral  horn  cells  and  that  of  the 
fibres  in  the  ventral  roots,  and  led  many  physiologists  and  anat- 
omists to  the  belief  that  each  motor  fibre  in  the  ventral  root 
is  connected  with  a  corresponding  cell  within  the  gray  matter 
of  the  cord. 

More  widely  reaching  in  influence,  for  some  time  at  least, 
were  the  studies  of  Gerlach  "  with  the  gold  method  and  the 
hypotheses  which  he  based  upon  them,  hypotheses  which  were 
responsible  for  an  immense  amount  of  polemical  writing  during 
the  fifteen  years  which  followed  their  introduction.  Gerlach, 
by  means  of  methods  of  isolation  and  treatment  with  chloride 
of  gold,  obtained  pictures  surpassing  by  far,  in  extent  and  deli- 
cacy, any  obtainable  with  the  older  methods,  and  affording  an 
entirely  new  concept  of  the  complexity  of  the  structure  of  the 

•  Waldever,  W.  Uebereinige  neuere  Forechungeti  im  Gebiete  derAna- 
U>inie  des  CeDtralnerFensjsteins.  Deutsche  med.  Wchnschr.,  Lei|)z.,  1691, 
Bd.  ivii,  S.  1244.  1267,  1287.  l;J3l.  1352. 

t  Carl  Weigert's  methods  and  the  carniin  methods  of  Gerlach  in  con junc- 
tinn  vith  improved  technique  in  sectioning;  have  contributed  enormously  to 
th«  adTance  of  investigations  in  neurology.  For  tlie  application  of  Wei- 
gert's  methods  to  the  nervous  system  of  lower  animals  the  experiments  of 
C.  J.  Herrick  may  be  referred  to  with  advantage.  (Cf.  Herriek.  C.  J.,  Report 
upon  a  Series  of  Kxperimenls  with  the  Weigert  Methods — with  Speeial  Ref- 
erence for  Use  in  I^wer  Brain  Morphology.  The  State  Hospitals  Bulletin, 
Ulica.  vol.  ii.  18»7.  pp.  431-481.) 

t  Birge,  B.  A.  Die  Zahl  der  Nervenfasorn  und  der  molnrischen  Gangii- 
enxellen  Jm  RQckenmnrk  des  Froschcs.  Arch.  f.  Anat.  u.  Physiol.,  Leipz., 
1882.    PhysioL  Abth..  S.  435-480. 

■  V.  Gerlach.  J.  Article,  The  Spinal  Cord,  in  A  Manual  of  Histology  by 
S.  Strieker.     American  Translation.     New  York,  1872. 
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the  gray  matter  (Fig.  2).  Not  satisfied  with  the  simple  descrip- 
tion of  his  findings,  he  proceeded  to  set  up  an  interesting  hy- 
pothesis, based  largely  upon  the  physiological  ideas  which  pre- 
vailed at  tlie  time,  regarding  protoplasmic  continuity.*  He 
concluded  that  he  had  to  deal  with  a  complex  nerve  network,t 
consisting  of  a  genuine  reticulum  of  delicate  fibrils  resulting 
from  the  fusion  of  the  ultimate  dendritic  branchings  of  the 
protoplasmic  processes  of  the  nerve  cells  of  the  central  organs. 
From  the  far  side  of  this  network,  through  gradual  fusion  and 
concentration  of  the  threads  belonging  to  it,  broader  fibres 
slowly  appeared,  which  finally  were  to  be  recognized  as  genuine 
nerve  fibres,  becoming  medullated  and  forming  the  fibres  of  the 
dorsal  roots  (sensory  fibres)  and  in  part  the  white  fasciculi  of 
the  spinal  cord.  Gerlacb's  view,  therefore,  was  that  the  axis 
cylinders  of  motor  nerve  fibres  represent  nervous  processes  com- 
ing oft  directly  from  nerve  cells,  while  the  sensory  fibres  of  the 
dorsal  roots  arc  to  be  looked  upon  aa  nerve  fibres  arising  from 
nerve  cells  only  indirectly  through  the  intervention  of  a  diffuse 
nerve  network  made  up  of  their  protoplasmic  processes.  Thus, 
according  to  his  scheme,  with  which  Boll  and  Haller  essen- 
tially agreed,  the  whole  nervous  system  represents  a  protoplas- 
mic contimtum — a  veritable  rete  mtrabUe  (Fig.  3).  Such  was 
the  state  of  affairs  at  the  time  when  what  we  are  accustomed 
to  call  the  "  newer  investigations  "  were  begun,  A  more  un- 
satisfactory condition  of  knowledge  or  a  more  prohibitive 
hypothesis  can  scarcely  be  conceived ;  all  ideas  of  tracing  out 

•  This  assumiition  of  protoplasmic  continuity  haa  also  been  maile  use  of 
by  Mr.  H.Tlwrt  Spencer  in  llic  development  of  his  doctrine  of  the  ^nesis  of 
nervous  systems.  I'riuL-iplfis  of  Psychology,  New  York,  D.  Appleton  and 
CompBiiy,  vol.  j.  p.  520.  The  botanists,  following  especially  the  researches 
of  fJanliner,  teach  at  present  that  in  plant  tissues  the  protoplasm  of  ail  the 
cells  forms  a  eontinimm,  a  (act  which  hinders  many  students  of  animal  his- 
tology from  assertiufj  loo  jiositively  the  non-existence  of  such  a  confinnum 
in  the  tis.*iips  of  adult  animals.  The  demonslration  comparatively  rwenl.lv 
of  the  so-called  plasma  briilgcs  connecting  epithelial  and  endothelial  cells, 
and  also  iierhaps  the  elements  of  olhor  tissues  with  one  another,  is  interest- 
in);  in  this  connection. 

tin  gohi  preparations  it  must  have  been  cilremcly  difficult,  and  was 
probably  impossible,  lo  di»tin(;iiish  a  network  from  a  feltwork.  A  Oennan 
investigator,  speaking  of  the  frightfully  inlricale  complex  of  fine  nerve 
fibrils  in  the  central  nervous  system,  referred  to  it  us  the  Birrfih  der  grnurn 
Subsfanz. 
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definite  conduction  patha  or  of  localization  of  function  within 
the  central  nervous  syHtem  seemed  well-nigh  hopeless  ;  in  the 
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general  diffuse  network  inveatigatora  v 
peared  to  be  an  insuperable  barrier. 


■  halted  by  what  ap- 
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bichromate  of  potassium.*  The  nerve  cells  and  their  processes 
stain  intensely  black  and  stand  out  prominently  on  the  white 
or  yellow  ground.  The  pictures  obtained  are  in  extent,  clear- 
ness, and  sharpness,  at  least  as  far  as  the  external  form  of  the 
element  is  concerned,  incomparably  superior  to  those  obtain- 
able by  any  other  known  technical  method.f     As  a  rule,  cer- 

♦  The  slow  chromate  of  silver  method  recommended  by  Golgi  is  ased  as 
follows:  Pieces  of  tissue  are  hardened  in  Mtiller's  fluid  for  at  least  one  or 
two  months.  They  are  then  transferred  to  a  bath  of  dilute  silver-nitrate 
solution,  where  they  remain  for  from  one  to  three  days,  after  which  the  tis- 
sue may  be  cut  into  sections,  after  very  rapid  imbedding. 

The  method  now  almost  universally  employed  is  the  quick  method  in 
which  osmic  acid  and  potassium  bichromate  are  used.  Small  pieces  of  liv- 
ing tissue,  not  exceeding  four  millimetres  in  thickness,  are  fixed,  at  a  tem- 
perature of  25'  C,  for  from  one  to  four  days  in  the  following  mixture, 
recommended  by  Ramon  y  Cajal :  Bichromate  of  potassium,  3  grm. ;  dis- 
tilled water,  100  c.  c. ;  one-per-cent  solution  of  osmic  acid,  30  c.  c.  For  each 
piece  of  tissue,  four  millimetres  square,  ten  cubic  centimetres  of  this  mixture 
should  be  employed.  After  the  fixation  the  pieces  are  quickly  washed  in 
distilled  water,  and  then  immersed  in  a  0.75-per-cent  solution  of  silver 
nitrate.  They  are  permitted  to  remain  in  the  silver  bath  for  from  one  to 
three  days.  They  are  then  very  rapidly  imbedded  in  celloidin  and  cut  into 
sections,  serial  if  desired,  with  the  aid  of  a  microtome.  The  sections  are  to 
be  quickly  dehydrated  by  passing  them  through  several  dishes  of  ninety- 
five-per-cent  alcohol.  The  clearing  is  best  done  with  oil  of  bergamot  (Berk- 
ley). On  the  slide  the  excess  of  oil  is  removed  with  blotting  paper  pressed 
directly  upon  the  sections  (Welch),  and  a  drop  of  thick  balsam  is  placed 
upon  each  section.  No  cover  slip  is  to  be  applied.  If  desired,  the  sections 
may  be  mounted  upon  thin  glass  or  isinglass,  which  may  then  be  fastened 
to  a  glass  slide  by  means  of  glass  beads,  the  side  on  which  the  sections  are 
being  down,  to  protect  them  from  dust  (Edinger). 

For  some  researches  the  modification  of  Cox  can  be  especially  recom- 
mended. According  to  W.  n.  Cox  (Tmpragnntion  dcs  centralen  Nervensys- 
tems  mit  Quecksilbersalzen.  Arch.  f.  mikr.  Anat.,  Bd.  xxxvii  (1891),  S.  16), 
the  fresh  tissues  are  to  be  hardened  for  from  two  to  five  months  in  the  fol- 
lowing fluid  :  Of  a  five-per-cent  solution  of  bichromate  of  potassium,  20 
parts;  five-per-cent  solution  of  bichloride  of  mercury.  20  parts;  distilled 
water,  40  parts.  Mix,  and  add  five-per-cent  solution  of  chromate  of  potas- 
sium, 16  parts.  The  tissues  are  then  to  be  washed  for  half  an  hour  in 
ninety-per-cent  alcohol,  then  imbedded  and  sectioned  (preferably  with  the 
freezing  microtome)  as  in  Golgi's  method.  The  sections  are  placed  for 
from  one  to  two  hours  in  a  five-per-cent  solution  of  sodium  carbonate,  or  in 
ammonia  solution ;  then  washed  in  distilled  water,  quickly  dehydrated, 
cleared,  and  mounted  in  balsam  without  cover  glass. 

f  Such  pictures  afford  suitable  objects  for  reproduction  by  photography. 
Compare  the  beautiful  Atlas  of  Nerve  Cells,  of  Starr,  Strong,  and  Leaming, 
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tain  only  of  the  nerve  structures  present  are  found  to  be  im- 
pregnated in  a  Bucceasful  preparation.  Whether  this  eSoct  is 
dependent  or  not  upon  functional  conditioDB  of  the  tissues  at 


Fio.  4,— <iiilgi'8  rpll  nf  Typt'  I.  (VII  from  the  optic  trart  nf  thr  cat  lateral  rViim 
thv  lulotal  Kenirnlato  hnHj,  t  \(U:t  Kolliker. )  RadiatinK  rmm  the  <v11  body 
are  to  he  ei^n  vvtj  many  prot'iplaKniic  proc«9«Mi  whivh  ihuH  a  linnd  wiiljte 
nf  iirlKin  Hiid  hranvh  rharactcriHticslly ;  thit  idiiicle  aiU-cyliiuIrr  procuM  ■ 
haa  a  iinionth  aurfacti  and  tolcnhly  i-vcn  calihre.  whivh  ii  niaintaini^  for  a 
cniiitlilerahlR  dlHtaniv  from  thi-  rrll.  It  triviwuffa  few  delicab'  lati>ml  hnncheM 
UT  coUnteTaU,  r. 

the  moment  of  immersion  we  do  not  as  yet  know;  certain  it 
is  that  a  distinct  advantage  is  gained,  inasmuch  as  the  elements 
are  represented,  an  it  were,  in  a  diagrammatic  manner,  and  the 
study  of  them  is  in  a  high  degree  facilitated.* 


*  A  valuable  criliqiie  of  the  Oolfti  inelhoi).  its  nature  ami  results,  is  that 
of  A.  Hill,  The  Chrome-Silver  Method.  Brain,   Iiond.,  toI.  lix,   |8W1,  pp. 
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Golgi,  by  the  application  of  these  silver  methods  to  the 
gray  matter  of  the  eerebro-epinal  nervous  system,  recognized 
nerve  structures  varying  in  character,  which  he  grouped  into 
two  main  categories  of  nerve  cells — cells  of  Type  I  and  cells  of 
Type  II.  The  cell  Type  I  (Fig.  4),  as  described  by  Golgi, 
agrees  in  the  main  with  the  general  description  of  a  central 
nerve  cell  given  by  Deiters,  being  characterized  by  much- 
branched  protoplasmic  processes  (usually  multiple)  and  a  sin- 
gle axis-cylinder  process.  That  the  latter  was  unbranched, 
however,  as  Deiters  maintained,  Golgi  denied,  and  his  discov- 
ery of  "  side  branches "  upon  the  axis-cylinder  processes,  first 
of  the  pyramidal  cells  of  the  cerebral  cortex,  and  later  upon 
those  of  the  Purkinje  cells  of  the  cerebellum,  represents  an 
advance  of  a  degree  of  importance  utterly  beyond  Golgi's 
conception  at  that  time.* 

These  side  branches  given  off  by  the  axis-cylinder  process 
of  cell  Type  I  are  usually  delicate,  and  exercise  a  hardly  per- 
ceptible influence  upon  the  calibre  of  the  main  fibre,  which 
retains  its  individuality  at  least  for  a  long  distance  from  the 
cell.  Golgi  noted  that  these  side  branches  exist  also  upon  the 
motor  fibres  arising  from  the  cells  of  the  ventral  horns,  and 
that  similar  ones  are  given  off  by  the  fibres  of  the  white  fas- 
ciculi of  the  spinal  cord,  whence  they  run  into  the  gray  matter. 

The  branching  of  the  axis-cylinder  process  shows  quite  a 
different  behavior,  however,  in  the  cell  of  Type  II  (Fig.  5), 
and  indeed  it  is  the  axis  cylinder  which  is  morphologically 
characteristic  in  the  two  classes  of  cells  rather  than  the  pro- 
toplasmic processes.  The  axis  cylinder  of  a  cell  of  Type  II 
begins  to  divide  almost  immediately  after  its  departure  fronoi 
the  cell  body  which  gives  it  origin,  breaking  up  in  a  dendritic 
manner  into  a  large  number  of  fine  branches,  the  main  process 
retaining  its  individuality  and  being  distinguishable  for  a  com- 
paratively short  distance  ( Fig.  6),  and  never  appearing  to  leave 
the  gray  matter. 

Not  taking  into  account  certain  observations  upon  neu- 
roglia, it  may  be  said  that  the  most  important  contributions 

1-42.  C.  Weigert  lias  recently  renewed  the  technique  of  the  Golgi  method 
in  Merkel-IVmnet's  Krgebnisse  der  Anatomie  u.  Entwick..  Bd.  v,  Wies- 
bwlen,  1896,  S.  7. 

♦  Waldeyer  mentions  that  he  himself  noted  the  branching  of  the  central 
process  of  the  Purkinje  cells  as  early  as  1863. 
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of  Golgi  in  the  domain  of  neuro-histology  *  conaiat  in  (1)  the 
invention  of  the  silver  method  of  staining ;  (2)  the  recogaition 
within  the  central  re- 
gions of  cells  of  differ- 
ent types  (Type  I  and 
Type  II);  (3)  thediscov- 
ery  of  lateral  branches 
from  the  axis -cylinder 
processes  and  the  fact 
that  the  majority  at  any 
rate  of  the  nerve  cells 
possess  only  one  axis- 
cylinder  process ;  (4) the 
demonstration  that  the 
protoplasmic  processes 
branch  manifoldly  with- 
out anastomosing,  all 
running  out  to  ultimate- 
ly terminate  blindly. 

Unfortunately,  fJolgi, 
not  contented  with  de- 
scribing these  objective 
findings,  gave  utterance 
to  a  number  of  hypoth- 
eses, particularly  with 
regard  to  certain  func- 
tional relations  and  to 
the  ultimate  fate  of  the 
aide  fibrils  given  off  by 
the  axis -cylinder  proc- 
esses, which  led  him  and 
many  after  him  into  a 
whole  labyrinth  of  er- 
rors. Concerning  these  I  shall  have  something  to  say  further 
on.  For  the  present,  it  will  suffice  to  state  that  <iolgi  believed 
that  the  cells  of  Type  I  were  motor  cells,  and  the  cells  of 
Type  II  sensory  cells ;   that  Oerlach's  diffuse  nerve  network, 

•  Gulgi's  fume  as  »n  invealigutor  ilnes  not  depend  entirely  upon  his  bril- 
lianl  researches  on  the  nervous  system.  His  studies  of  the  diflerenl  varie- 
ties of  malarial  parasites  transFormei]  elinic-al  ideas  upon  tbe  subject  and 
would  alone  have  sufllcpd  lo  make  his  name  lasting. 


S,— Nerve  cell  with  Hhtirt  branched  axtn 
■yliiiiU-r  (  pr.  chI.  )  from  the  Braiiu ' 
'-      -eifWIumofa     -■—    ■     ■ 
ill  TjTie  II. 


((..iBl'sce 


it  UKiii  eight  dayiL 
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arising  from  the  anastomosis  of   protoplasmic  processes   and 
connecte<)  with  sensory  fibres  on  the  distal  side  of  the  net- 


Fio.  B. — Qnliii'scnIlorTypo  11  or  <l<indr)ixonp  from  thecFifhrum  of  a  mt.  (After 
Kulliker.)  Thi-  cntne  prutoplaninir  proceiwii,  z,  art-  (luiily  dtHliiiKiilHhat>l« 
frum  tlic  HiiH-cylindiTr  pnirvsH.  a,  thiiURh  tha  bitter  wMin  Iimgh  \tn  itiuntity, 
UKhuustJiiK  itHi-lf  by  miiltiplv  divieiun  at  a  shurt  diKlani-c  from  tht  cell. 

work,  had  no  existence  in  fact,  but  that  there  did  exist  a  diffuse 
nerve  network  {irtfreccto)  within  the  gray  matter  *  made  up  of 

*  Qol^  hits  never  pictnrcil  IhJs  network,  and  in  all  hii  writings  he  has 
apoken  of  it  in  n  very  indeflnite  manner  and  with  great  rewrve.  For  exam- 
ple, ID  his  StuiJi  sulla  fina  anatoraja  degli  organi  ceiiLrali  del  sistema  ner- 
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the  manj  branches  of  the  axis  cylinders  of  the  cells  of  Type  II 
and  the  side  fibrils  of  the  axis  cylinders  of  the  cells  of  Type  I. 
ProtoplaBmic  processes,  in  his  opinion,  possess  no  nervous 
function,  but  represent  simply  portions  of  the  protoplasm  of 
the  nerve  cell  which  run  out  to  be  connected  with  the  blood- 
vessels or  neuroglia  colls  in  order  to  gather  nourishment 
from  them.  Golgi  believed  that  the  dorsal  root  fibres  on 
entering  the  cord  branch  freely  and  terminate  by  becoming 
a  part  of  the  diffuse  nerve  network  in  the  gray  matter,  the 
sensory  impulses  reaching  the  axones  of  the  motor  fibres 
through  their  side  fibrils,  which,  he  thought,  are  connected 
with  the  distal  side  of  the  general  network.  In  this  way 
the  dendrites  and  the  cell  body  arc  excFuded  from  the  reflex 
arc  (Fig.  7).  Epoch-making  as  were  his  actual  discoveries, 
the  admixture  with  facts  of  auch  hypotheses  was  indeed  un- 
fortunate. 

The  credit,  I  think  with  justice,  has  been  given  by  both  van 
Gehuchten  and  von  Lenhossek  to  His,  of  Leipsic,  and  to  Forel, 
of  Zurich,  for  having  directed  the  first  telling  blows  against  the 
doctrine  of  a  difEuse  nerve  network  and  in  favor  of  the  inde- 
pendence of  the  individual  nerve  elements.  The  distinguished 
anatomist  *  has  since  the  year  1881  busied  himself,  in  the  main, 
with  the  study  of  the  morphology  and  histogenesis  of  the 
nerve  organs,  and  his  results  in  this  field  may  justly  be  classed 
among  the  most  striking  achievements  of  a  life  of  indefatigable 
activity. 

voso.  MiUtio,  1888.  p.  31.  he  taye:  "Out  of  all  these  branrhings  of  the  dif- 
ferent nerve  processes  there  arises,  of  course,  an  extremely  eompljcated 
teiture  whieh  extends  throughout  the  whole  of  the  gray  substance.  That 
out  of  the  inniimcmble  further  subdivisions  by  means  at  complicated  auM- 
tomoKCB  there  arises  a  network,  in  the  strict  sense,  and  not  simply  a  felt- 
work,  is  very  probable  ;  indeed,  one  would  be  inclined  from  some  of  my 
preparations  to  believe  in  it,  but  the  extraordinary  complication  of  the 
texture  does  not  permit  this  to  be  declared  as  certain."  In  a  later  article. 
La  rete  nervosa  diffusa  degli  organ!  cenlrali  del  sislema  ncrvoso;  suo  signi- 
flcato  fisiolo^co  (Rendiconti  del  R.  Istituto  Lomliardo,  scr.  ii.  vol.  xxiv, 
1891,  pp.  595,  asa :  Transl.  in  Arch.  ital.  dc  bioL.  Turin.  1891,  t.  iv,  pp.  434- 
463),  Golgi  has  dealt  with  Ihia  topic  at  length,  replying  to  the  obji.'Ctions 
which  have  been  urged  against  the  existence  of  the  diffuse  nerve  network 
and  commenting  upon  its  physiological  significance. 

*  The  monographs  of  His  upon  the  chick  and  his  researches  upon  the 
anatomy  of  human  embryos  contain  results  of  personal  work  which  repre- 
sent a  goodly  proportion  of  what  is  reliable  in  modem  embryology. 
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His  inreBtigations  led  him  early  to  the  conclnsion  that  from 
the  beginning  the  forerunners  of  the  nerve  cells — the  neuro- 
blasts— are  entirely  distinct  from  and  independent  of  one  an- 
other. They  appear  at  first  as  oval  or  pear-shaped  cells  with 
smooth  cell  bodies  entirely  devoid  of  processes;  later,  at  the 
end  of  the  cell  originally  directed  away  from  the  outside  of  the 


— Srhpniatic  reprfsciitHtiim  ii 

viTiIiKntunt  til  be  fiirtiU'd  hv  n 

uifcollTyiH-  II-    Th« 


ni'n-i'  nrtwnrh  mipiKHcd  by  some 
si<U-  HIirilH  nf  cell  Tyiv  I  and  the 

iif  Ihp  diirHHl  niat  nre  nliown  en- 
.  ...X  iDIo  runtiectinu  Willi  tliiH  ilifl\iM-  iiiTVP  iii-twork,  ami  the  courae  of 
Impulses  coii(«nicd  iii  ium|i1i<  n'flexiii  aii'imUiiK  tii  thiH  view  is  Kliiiwn  by  the 
direction  of  the  arroWH.  By  thiH  ini'»nH  the  I'd!  biidy  ami  pniloplasmic  pro- 
iMwsiw  were  Huppiined  to  be  i-xi'liideil  tVuin  the  rellei  are.  The  dendritoi  were 
supposed  to  be  purely  nutritive  in  f\iHi'tii>iu  pawdng  iiut,  t»  be  iMinueettid  with 
the  wallH  i)f  bliHHl-vewelH.  whcnee  the  nutrii-iit  miwly  waa  derived,  aa  shown 
ill  the  figure.  All  the  evidciiee  inH'H  toshnw  tlint  thiH  viow  \h  'iHtorreet.  e.  A., 
veiittal  hum  of  gray  mattiT ;  il,  h,,  diiniBl  hiini ;  ■.  /.,  side  Khril  rnim  axis 
cylinder  iif  motor  cell  iit  vi'titml  horn  uuoiiig  huek  into  the  hypothetical  dif- 

fise  nerve  iiutworli :  pr,  uror..  priitopfiiRniii;  "~  r  —  ..  _  . -n    r .. —  > 

horn  puKinK  througli  wliitu   matter  to  l>ln< 
blood  capillarii'H  (1)  ill  the  (tmy  iiMlter.  (3)  in 
t«piiumie  proreBHw  wrv  MippoMil  to  be  iiiniii 

of  dorsal  ruotsemlinK  bmntlKii  into  the  griiy  m _ 

ftise  ni'rve  network ;  (Itilgi  rrll   1)ipr  II.  cell  in  the  gray  W 


,  .nbre 

the  dir- 


-  .,-  ...I  Tsipr  ..    . 

biani'hed  axis-cylinder  proresii  helping  to  n>rni  tlie  ditDiM'  network  :  up.  g., 

Sinai  ganglion  ;  prr.  «./„  iHTipheral  wnsory  nerve  fibre;  ».  -     

re;  r.  m,.  voluntary  niuhvle  innervated  liy  Hhre  of  ventral  n 


body,  there  arises  a  projection  which  corresponds  to  the  sub- 
sequent axis  cylinder  of  a  nerve  fibre.  The  protoplasmic  pro- 
cesses do  not  develop  till  afterward  and  branch  soon  after  their 
appearance.  The  fibres  of  the  dorsal  roots  of  the  spinal  nerves 
represent  processes  of  cells  situated  in  the  spinal  ganglia  and 
their  terminations  lie  free  inside  the  spinal  cord.  In  these  early 
stages  there  is  no  anastomosis  between  the  different  processes 
of  a  single  nerve  element,  nor  could  His  make  out  in  the  later 
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developmental  periods  any  evidence  of  the  fusion  of  the  pro- 
eeeses  of  one  coll  with  those  of  another.*  His,  therefore,  op- 
posed the  ide»  of  a  diffuse  network,  attributing  the  appearances 
which  suggested  it  to  the  existence  of  a  most  complex  felt^ 
work  (Xewropilem)  composed  of  the  finer  subdivisions  of  the 
processes  of  the  nerve  cells. 

It  was  in  1887  that  Nansen  published  his  comprehensive 
article  on  the  structure  of  the  nervous  Bystem.f  in  which  he 
attempted  to  show  that  the  asia-cylinder  processes  of  the  nerve 
cells  are  made  up  of  multiple  tnbes  of  minute  size.  It  is  of 
no  little  interest  that  the  celebrated  Arctic  explorer  at  this 
early  period  recognized  the  high  importance  of  the  discoveries 
of  Golgi.     On  page  71  of  his  article  he  says : 

"  I  think  it  is  indeed  also  very  strange  that  neither  Rawits 
nor  Haller  {nor  most  modern  writers)  are  acquainted  with  the 
excellent  papers  on  the  central  nervous  system  of  vertebrates 
by  (iolgi.  They  quote  a  great  many  other  and  less  important 
writers,  but  they  do  not  aeem  to  know  this  eminent  histologist 
who,  in  my  opinion,  has  really  introduced  a  new  epoch  in  our 
researches  into  the  structure  of  the  nervous  system."  Kansen 
pictures  distinctly,  in  Figs.  Ill  and  US-accompanying  his  re- 
port, the  bifurcation  of  the  fibres  of  the  dorsal  roots  of  the 
spinal  nerves. 

The  criticism  which  appeared  at  this  period  from  the  pen 
of  Forel,  the  celebrated  Ziirich  psychiatrist,!  '^  of  extreme 
value  from  a  historical  standpoint.  Well  versed  in  the  results 
of  pathological  anatomy  and  experimental  pathology,  and  ac- 
quainted with  the  earlier  work  of  His,  Forel,  in  a  short  essay, 
discussed  the  status  of  neuro-histology  at  the  time,  including  in 
his  criticism  the  results  and  hypotheses  of  Golgi.  He  recog- 
nized fully  the  importance  of  Uolgi's  objective  findings,  but 

♦At  the  end  of  an  Brtiele,  Zur  Gesohichlo  lies  menschlichen  ROcken- 
markes,  dated  1888,  His  says:  "  Als  testplehemles  Princip  vertrcte  ich  dabei 
drn  Satz :  dass  jcde  Xerveiifawr  aus  einer  cinzi^n  Zclle  ats  Aiisl&nfer  her- 
vorgeht.  Dicse  iat  ilir  genetischea,  ihr  nutritives  unil  ihr  (unctionelles  Cen- 
trinn :  alle  anilercn  Verbindiingen  Avt  Fascr  sind  etitweder  nur  tnittclbare 
odor  sie  sind  sepundftr  entstanilen." 

t  Nanwii.  F.  The  Structure  and  Comhination  of  the  Histological  Ele- 
ments in  the  Central  Nervous  Sj-stem.  Bergcns  Museum  Aursberetning  (or 
1B88.    Bergen,  18fi7. 

t  Forel,  A,  Einigo  hirnanatomiache  Itetrachtungcn  und  Krgebnisse. 
Arch.  f.  Psychiat.  und  Ncrvenkr,  Berl.,  Bd,  xviii,  1887,  S.  162-19a 
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with  peculiar  keenness  of  perception  sifted  out  the  facts  from 
the  hypotheses.     He  entered  a  strong  protest  against  the  net- 
work theory  and  spoke  for  the  maintenance  of  the  individual- 
ity of  the  nerve  elements.     Forel  recognized  the  importance  of 
the  "caprice  "  of  the  (lolgi  method  in  staining  an  element  only 
here  and  there  as  bearing  upon  the  independence  of  the  nerve 
units,  but  it  is  his  utilization  of  the  studies  of  secondary  degen- 
erations which  makes  his  communication  of  the  deepest  signifi- 
cance.    He  pointed  out  that  not  only  does  the  distal  end  of  a 
divided  motor  fibre  undergo  rapid  disintegration  after  section 
(Wallerian  degeneration),  but  that  also,  in  contradiction  to  the 
doctrine  of  Waller,  the  proximal  end  undergoes  cellulipetal  de- 
generation, though  often  much  more  slowly  (von  Gudden's  law), 
when  the  division  of  the  fibre  has  occurred  at  the  point  of  exit 
of  the  motor  nerve  from  the  central  system.     Forel  further  em- 
phasized the  fact  that  when  degeneration  involves  a  tract  of 
nerve  fibres  it  extends  only  as  far  as  the  termination  of  the 
tract.     If  atrophy  of  nerve  cells  and  nerve  fibres  occurs  beyond 
the  termination  of  the  tract,  it  is  of  a  fundamentally  different 
character  from  that  which  affects  the  tract  undergoing  typical 
secondary  degeneration.     Whereas  in  the  latter  process  a  rapid 
and  complete  disintegration  with  absorption  occurs,  in  the  other 
case  there  is,  as  a  rule,  only  a  diminution  in  the  calibre  of  the 
nerve  fibres  and  a  shrinking  in  size  of  the  nerve  cells  (so-called 
indirect  atrophy). 

To  illustrate  this  point,  Forel,  happily  it  would  seem,  chose 
the  experimental  degenerations  produced  by  von  Gudden  and 
von  Monakow  in  the  domain  of  the  sensory  conduction  path 
leading  from  the  retina  to  the  cerebral  cortex.  Whereas  if,  on 
the  one  hand,  in  an  animal  like  the  rabbit  in  which  the  decus- 
sation of  the  fibres  in  the  optic  chiasm  is  almost  total,  one  eye 
be  extirpated,  there  results  almost  total  degeneration  of  the  cor- 
responding optic  nerve,  and  of  the  opposite  optic  tract,  together 
with  a  considerable  diminution  in  size  of  the  lateral  geniculate 
body,  owing  to  the  disappearance  not  of  its  nerve  cells  but  of  the 
gelatinous  substance  between  the  cells  (consisting  of  the  terminal 
ramifications  of  the  optic  fibres  which  have  entered  it) ;  on  the 
other  hand,  if  the  visual  area  of  the  cerebral  cortex  be  extir- 
pated, the  lateral  geniculate  body  of  the  same  side  degenerates, 
but  in  an  entirely  different  way.  In  the  latter  instance  it  is  not 
the  gelatinous  substance  which  disappears,  but  the  nerve  cells 
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themselves  vtiniah.  The  obvious  deduction  from  the  patholog- 
icul  findings  is  tliat  between  the  retina  and  the  occipital  cortex 
ut  least  two  nerve  units  are  interposed,  one  extending  from  the 
retina  to  the  optic  centres  at  the  base  of  the  brain,  and  the 
second  from  the  latter  centres  to  the  cortex  of  the  cerebrum. 
Tlie  limits  of  a  given  degeneration  under  pathological  condi- 
tions correspond  in  extent  to  those  of  the  unit  or  units  involved 
in  the  lesion.  Finally,  for  the  first  time  do  we  find  stated  clear- 
ly in  this  article  the  principle  of  contact  as  an  explanation  of 
the  correlations  of  the  nerve  eells  and  their  processes  within  the 
gray  matter,  a  principle  the  formulation  of  which  has  been 
of  considerable  influence  in  the  development  of  neurological 
knowledge,  but  one  which,  as  we  shall  see  later,  is  not  wholly 
in  accord  with  the  facta. 


CHAPTER  III. 

THE  STUDIES  OF   RAMON   Y    CAJAL    AND   OTHERS   WITH    OOL.Ol'S 
METHOD   AND  WITH   MODIFICATIONS   OF  THAT  METHOD. 

Researches  of  Ram6n  y  Cajal — Denial  of  occurrence  of  anastomoses  among 
nerve  elements — The  collateral  branches  of  the  axis-cylinder  processes 
— Tendency  to  external  morphological  uniformity  among  the  nerve 
elements — Transition  forms  between  cells  of  Type  I  and  cells  of  Type  II 
— The  cells  in  sensory  and  motor  regions — Studies  of  other  investigators. 

The  contributions  of  Forel  and  His,  well  supported  and 
convincing  as  they  were,  did  not,  however,  suffice  to  eradicate 
the  older  ideas  of  a  reticulum  from  minds  in  which  they  were 
as  firmly  established  as  are  most  prejudices  and  preconceived 
ideas  taken  in  with  mother's  milk.  To  appreciate  discoveries 
based  partly  upon  pathological  experience,  but  largely  upon 
studies  in  histogenesis,  a  field  whose  fruits  had  not  yet  at- 
tained the  appreciation  they  deserved,  a  conservative  medical 
world  required,  for  its  awakening,  influences  still  more  arous- 
ing. These  were  soon  forthcoming  and  from  an  unexpected 
quarter. 

If  we  may  believe  a  popular  rumor,  something  more  than 
ten  years  ago  a  young  doctor  in  Spain,  a  country  remarkable 
from  a  medical  standpoint  up  to  his  time  for  its  barrenness  in 
original  research,  applied  for  a  position  in  microscopy,  which 
was  refused  him.  His  pride  wounded  keenly,  he  renounced  his 
social  relations,  purchased  a  small  library  on  histological  sub- 
jects, paid  special  attention  to  certain  technical  methods, 
worked  like  a  slave  at  his  subject,  and  a  decade  later  found 
himself  famous.  Santiago  Ramon  y  Cajal  has  left  Barcelona 
behind  him  and  is  now  professor  at  Madrid,  has  lectured  before 
international  audiences,  and  has  won  the  admiration  and  respect 
of  the  whole  scientific  world ;  he  is  a  medical  immorteL  The 
story,  even  if  it  be  not  true,  is  certainly  well  invented.  Begin- 
ning with  two  articles  in  the  year  1888,  one  upon  the  retina  of 
20 
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birds*  and  the  other  upon  the  nerve  fibres  of  the  molecular 
lnyer  of  the  cerebcllum,t  Ramon  y  Cajal  exhibited  during  the 
nest  few  years  a  most  astonishing  productive  activity,  J  which, 
judging  from  the  nature  of  his  articles  in  current  journals,  is 
by  no  meana  yet  exhausted. 

A  brief  inquiry  into  the  contributions  of  Ramon  y  Cajal  can 
not  fail  to  mate  clear  why  they  almost  immediately  attracted 
close  attention  in  widely  distant  quarters.  Leaving  out  of  con- 
sideration the  immense  mass  of  detailed  discoveries  with  which 
Ramon  y  Cajal  has  enriched  the  finer  anatomy  of  the  spinal 
cord  and  brain,  the  salient  features  of  his  work,  those  which 
make  it  so  significant  as  regards  our  present  concept  of  the  ele- 
mentary structure,  are  (1)  the  demonstration  (apparently  defi- 
nite at  the  time)  of  the  complete  independence  of  at  least  the 
majority  of  the  nerve  elements,  the  branches  of  the  axis  cylin- 
ders forming  anastomoses  no  more  than  those  of  the  dendrites ; 
(2)  the  appreciation  of  the  widespread  occurrence  and  signif- 
icance of  the  lateral  branches  (collaterals)  of  the  axts-cylinder 
processes ;  and  (3)  the  demonstration  of  the  striking  uniformity 
in  general  structure  of  the  majority  of  the  nerve  elements  in  all 
parts  despite  multiple  minor  morphological  variations. 

Golgi,  as  I  have  said,  had  denied  the  existence  of  a  network 
made  up  of  anastomosing  protoplasmic  processes,  but  believed 
in  a  diffuse  nerve  reticulum  composed  of  the  united  fibrils  re- 
sulting from  the  complicated  subdivisions  of  the  axis  cylinders 
of  cells  of  Type  II  and  the  lateral  fibrils  of  the  axis  cylinders  of 
cells  of  Type  I.     The  Spanish  investigator  emphatically  denied 

*  Raim'm  f  Cajal.  S.    Estructur&de  laH^tinadc  las  Avck.    RevisUTrim. 

de  Ilistolngift  Normal,  etc.,  Nos.  1  y  3,  Majo  y  Agoslo  de  1888.     Quoted  bj 

t  Sobre  las  Fibras  Kervosias  de  la  Capa  Molecular  del  Cerebello.  Re- 
viala  Trim,  de  Hist,,  etc.,  Agoat<i,  1888.     Quoted  by  von  Lenhossek. 

t  I  have  references  to  no  less  than  nine  articles  on  the  nervous  system 
bearing  his  name,  published  during  the  year  1890  alone.  It  would  occupy 
too  much  s|>ace  to  give  here  a  complete  list  of  his  publications.  An  epitome 
of  his  views  is  lo  be  found  in  Les  nouvelles  idees  sur  la  structure  du  sys- 
teiue  nerveux  ehez  I'hnmme  et  ohez  les  vertcbres,  French  by  Azoulay,  Paris, 
1804,  and  in  the  Croonian  I^Kiture,  La  fine  stnicture  des  centres  nerveui, 
Proceedings  of  Ihe  Royal  Society,  I-ondon.  vol.  Iv,  1894.  pp.  444-468.  This 
lecture  was  delivered  in  French  and  publiahed  in  the  same  language.  A 
brief  but  inaccurate  ab'-tract  of  it  in  English  was  printed  lu  the  British 
Medical  Journal,  1804,  i,  p.  543. 
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the  existence  of  any  such  diffuse  Qcnc  network.  He  main- 
tained that  in  the  cerebro-^pinul  nervous  system  the  axis-cylin- 
der processes  and  their  lat- 
eral branches,  belonging  to 
no  matter  what  nerve  cell, 
always  run  out  to  end  free 
within  the  gray  matter,* 
Thpy  often  enter  into  close 
proximity  to  other  nerve 
cells  and  interlace  with 
their  protoplasmic  proces- 
ses, but  nowhere  could  any 
evidence,  by  means  of  the 
method  he  employed,  be 
found  of  actual  union — the 
interrelations  of  the  nerve 
elements  depending  entire- 
ly upon  contact  or  contigu- 
ity, not  upon  organic  con- 
nection. This  was  proved, 
he  believed,  to  be  true  not 
only  of  embryonic  struct- 
ures, but  also  of  the  tissues 
of  the  adult,  so  that  the 
iieuropilem  of  His  and  the 
contact  principle  of  Forel 
met  with  full  confirmation 
_  in  the  researches  of  Rani6n 

y  Cajal. 
The  side  fibrils  discovered  by  (iolgi  ui>on  some  of  the  axis- 
cylinder  processes  were  made  by  Rami'm  y  Cajal  an  object  of 
special  study.  Particularly  fortunate  in  this  regard  was  his 
application  of  the  silver  staining  to  the  embryonic  cord.f  He 
found  that  in  embryo  chick.s  after  the  fifth  day  of  incubation 
it  was  ea.sy  to  stain  many  of  the  a.\is  cylinders  of  the  white 
fasciculi,  but    was  astonished    to    find  coming  off  from  each 


.  S. — Loti^luilinal  MiRitbil  MTliiiti  cif 
dorsal  runii-uliiH  .if  tht  itpiiuil  cunl  <if  a 
rat  fiftM-n  days  old.  ( Mrtllud  iif  <  JiilKi.  1 
A,  HbrVHufiJiinul  fuiiiculi ;  Jl,  i-olLiti'isI : 
('.  KToup  lit  cillalf'rabi  ninnins  vciilml' 
ward;  I),  i-nd  a  '     '      '        ' 


;  Kn: 


■  r.f  tl.<.  diir 


■  c-n. 
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plililications  Itaniciii  y  C'ltjal  inaile  ccrta 

Btii]  s|«itH  rjf  possible  eieeptinns,  but  later  he  denied  all  anast 

the  [irtK-Kf-v-t  of  nerve  i:ells.  thus  going  tijo  far,  b.s  will  be  seei 

t  Ramon  j  Cajal.  S.    .Sur  Torigine  irt  lirs  rami  float  ions 

vr-ust-sdelamoelleemljrj'oiinaire.    .\iiat.  Anz...Ien»(18!W),  B 
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fibre,  with  a  slightly  wedge-aliapod  origin  at  right  angles  or  al- 
most at  right  angles,  a  considerable  number  of  fine  collateral 
branches  (Figs.  8  and  9).  These  collateral  branches  penetrated 
deeply  into  the  gray  matter  of  the  cord  and  terminated  in  free 
end  arborizations  among  the  nerve  cells  and  their  protoplasmic 
processes  The  fine  nerve  plexus  described  in  the  bibliography 
a  rrgb  gg  w  dby  Ram  n 

y  g  b       te  g      gr         umb  fibn 

G  ungh  ndabanfh  ra        Snh 


collateral  branches  occur  in  all  the  white  fasciculi,  and  fur- 
ther, they  show  a  tolerably  constant  disposition  in  all  regions 
of  the  vertebrate  spinal  cord.*     On  the  ventral  root  fibres  of 

*  As  to  the  nature  of  the  tollateralii,  Ramdn  y  Cajnl  says  {op.  eii.,  p.  90) : 
"  Que  representent  ces  fibritles  colUt^rales  que  nous  venons  de  inentionnert 
A  notre  avis,  il  s'agit  probablcment  de  fibres  de  conneiion  eellulaire  que 
touB  les  tubeB  ite  la  substance  blanche  envoient  &  la  griae  k  fln  de  mettre  en 
cuntact  reciproque  dea  corpuscles  nerreui  places  relativement  fi  de  grandes 
dwtances.  L'absence  de  myeline  au  niveau  des  contacts  (corps  des  celliiles 
et  arborisations  des  collat^rales)  facililerait  partiuuliurenient  la  communica- 
tion de  I'cbranlement  acrveui." 
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the  chick  and  the  calf  he  cuuld 
find  no  collaterals,  but  concern- 
ing the  fibres  of  the  dorsal  roots 
the  most  interesting  relations 
came  to  light.  In  preparations 
of  the  cord  and  dorsal  roots  of 
chicks  from  the  seventh  to  the 
twelfth  day  of  incubation  he 
showed  that  the  fibre  represent- 
ing the  central  process  of  a.  cell 
in  the  spinal  ganglion  runs 
through  the  dorsal  root  as  far 
as  the  surface  of  the  cord,  into 
the  substance  of  which  it  pene- 
trates obliquely.  Inside  the 
cord  •  the  axis  cylinder  under- 
goes a  distinct  Y-shaped  divi- 
sion into  two  strong  terminal 
branches,  one  ascending,  the 
other  descending,  both  soon  as- 
suming a  longitudinal  direction, 
evidently  constituents  of  the 
dorsal  fasciculi  of  the  cord.  Fine 
collateral  branchings  could  be 
seen  coming  off  not  only  from 
the  main  axis  cylinder,  but  also 
from  its  two  branches  of  division 
at  different  levels  on  their  way 
up  or  down  the  cord  (Fig.  10), 
These  passed  forward  through 
or  medial  to  the  substantia  gela- 
tinosa  of  Rolando  tu  end,  some 
among  the  cells  of  the  dorsal 
horns,  many  of  them  among  the 
cells  of  the  ventral  horn.  As 
to  the  ultimate  fate  of  the  as- 
cending and  descending  fibres 
resulting    from     the    Y-shaped 

•  Ramon  y  Cajal  (Anat.  .\nr...  1890.  Bd.  t.  p.  H2)  says.  "  Dans  lYpaisseur 
In  ivgion  du  cordon  de  Goll."    This  should  probably  read  "  cordon   de 


Flo.  10. — Srhematic  ipprrsontation  nf 
section  of  diinwl  funiculus  cut  lun- 
Kituitinally  psiulli'l  to  entnknci-  of 
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of  ^y  nuttrr  nrndiiiK  its  aiis- 
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fUmculus:  i>.  another  (-ell  wndiiiK 

matlcr;  (liis  pm-cKi  liifiircatcH. 
fieidinK  an  BM-i'ndiuK  auil  a  •ir- 
si-rndine  lihrr;  E.  aiiotiipr  i-vll 
strndins  an  aiin  i-ylindiT  dois-n- 
ward  in  the  domi  fiinirulns ;  /.  F, 
and  «.  terminal  arb.irizations  of 
axis-rTliiidvr  pnientmi :  H.  tcmii- 
nal  arlKiriBitirin.-i  in  thi-  uray  mat- 
ter of  oillateralH  from  the  white 

of  llie  diTisionB  of  a  don«l  root 
Ahn-:  b.  eollatenil  rn>in  the  muin 
trunk  of  a  domal  n<it  film  before 
itH  V-nhaped  dirl-qun. 
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majority  of  these  do  not  represent  main  axis  cylinders  at  aill, 
but  are  collateral  branches,  a  finding  which  has  been  con- 
firmed over  and  over  again  by  subsequent  investigators  in  all 
countries.*  They  represent  structures  of  enormous  importance, 
a  large  portion  of  them  (RefltxroUateralen  of  Kolliker)  repre- 
senting the  most  direct  path  of  nerve  communication  between 
the  sensory  surfaces  of  the  body  and  the  ventral  horn  cells  gov- 
erning the  voluntary  muscles.  We  find  in  the  sensory  fibres, 
with  their  subdivisions  and  collaterals  given  off  at  different 
levels  of  the  cord  and  medulla,  f  the  anatomical  mechanism 
concerned  in  the  simple  and  more  complex  reflexes,  and  prob- 
ably in  many  of  the  instinctive  reactions,  and  we  have  further, 
as  Uis  says,  not  far  to  go  to  find  the  explanation  of  the  well- 
known  fact  that  the  same  sensory  impulses  which  permit 
consciousness  to  be  affected  also  account  for  the  setting  free 
of  reflexes. 

Amid  manifold  variations  in  type,  (iolgi  had  been  struck 
with  the  wonderful  similarity  of  the  nerve  cells  throughout 
the  whole  of  the  central  nervous  system.  Ue  had  even,  it  will 
be  remembered,  attempted  to  reiluee  all  nerve  cells  to  the  two 
types  before  mentioneii,  and  from  his  studies  regarding  the 
moiie  of  distribution  of  cells  of  these  types  he  had  concluded 
that  the  first  type  of  nerve  cells  belonged  to  the  motor  or 
psycho-motor,  the  second  type  to  the  sensory  or  psycho-sensory 
regions. J     With  the  advent  of  Forty's  critique  and  of  Bamon  y 

*  Si^me  of  the  fibivii  of  the  dorsal  roots  (jtMtainlv-  enter  the  gr»T  matter 
before  undergoing  the  Y-shaj^  division ;  some  medullateil  fibres  pass  from 
the  gray  matter  backward  (centrifugal  fibres  of  dorsal  roots  in  the  lower 
Tertebrate:?.  and  fibres  of  dorsal  fasciculi  wh<»6e  cells  of  origin  are  situated 
within  the  gray  matter  of  the  cordv. 

f  It  was  Kr>lliker  who  showed  that  the  sensory  cerebral  nerves  undergo 
Y-shape»l  division  in  almost  exactly  the  same  manner  as  do  the  sensory 
spinal  nerves. 

X  G»>lgi.  in  his  article  entitled  Anatomit^l  Considerations  regarding  the 
D'XJtrine  of  Cerebral  Localization,  in  ISS*2  detailed  the  results  of  his  studies 
on  the  oi>rTex.  fp>ra  which  he  o-^ncluded  that  the  cells  of  Type  I  and  Tjpe 
II  wen*  Q'.'t  separated  from  one  another  in  the  single  convolutions,  but  were 
always  a-^s^xiateil  with  one  another  in  all  parts  of  the  ci^rtex,  and  that  ac^ 
•?»-jrdinff!y  there  were  nv»t  only  evidences  against  the  strict  separation  of  the 
two  main  functions,  movement  ami  sensation,  but  al^o  p»,«sitive  grounds  for 
:he  assertion  that  in  the  different  cortical  zones  there  was  no  absolute  sep- 
ararion  of  the  sens.>ry  and  motor  functions,  and  that  the  anatomical  seats  of 
:hesr  functions  must  to  a  c-ertain  degree  be  intermingled.     It  is  surprising 
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(^ajal's  demon strationa  the  distttictions  between  these  two  types 
lost,  in  tlie  main,  the  significance  whicli  had  been  attached  to 
them.  The  only  essential  difference  between  cell  Type  I  and 
cell  Type  11  was  shown  to  lie  in  the  length  and  mode  of  branch- 
ing of  the  axis  cylinder.     Whereas  that  of  the  first  type  first 


Yia,  13.— IVU  fnmi  the  (tray  matUr  i 

iiiudlate  hi-twn'ii  thati>f  OcilKi'Bi ,     

{.^ftiT  von  UiiihoHHuk.)     Thr  mui'h-branrhiKl  miiM^ylindfr  pi 
fiilliiwifl  into  the  laMiculiu  cunmluH  iif  Burdncli.  /.  r. 

showed  an  end  arborization  at  a  considerable  distance  from  the 
cell,  that  of  the  second  type  broke  up  almost  immediately  after 
leaving  its  cell  of  origin  into  its  terminal  filaments.  While  a 
cell  of  Type  I,  through  its  long  axis-cylinder  process  going 
directly  over  into  a  nerve  fibre,  is  put  into  position  to  affect 
other  cells  in  widely  distant  domains,*  the  cells  of  Type  II,  the 
axis-cylinder  processes  of  which  rarely,  if  ever,  leave  the  gray 
matter,  arc  destined  to  influence  other  cells  in  the  immediate 
neighborhoo<i.  These  latter  in  all  probability  do  not  always 
act  as  servants  of  main  conduction,  but  are  to  be  looked  upon 


I  near— even  with  false  premises — an  appn>ach  to  actual  relations  can  be 
ived  St  1 

•  The  axis  cylinders  of  ac)me  of  tlie  pyramiJai  cells  ot  tlie  cerebral  cortex 
lin  a  length  of  nearly  one  metre. 
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as  having  a  definite  local  function,  probably  of  no  mean  aigmA 
cance.*  They  occur  in  motor  as  well  as  in  sensory  areas,  and 
there  is  no  ground  at  all  for  attributing  to  them,  as  Golgi  did, 
an  exclusively  sensory  function.  Further  evidence  has  recently 
been  forthcoming  in  that  transitional  forms  between  the  cells 
of  Type  I  and  those  of  Type  II,  the  hypothetical  existence  of 
which  von  Monakow  postulated,  have  actually  been  described. 
Von  Kolliker  and  von  Lenhoss6k,  for  example,  have  described 
cells  in  the  spinal  cord  (Fig.  12)  with  axis  cylinders  which,  in 
addition  to  manifold  branching,  give  off  one  main  stem  which 
acts  quite  like  the  axis-cylinder  process  of  a  cell  of  Type  I,  and 
recently  von  Bechterew  f  has  referred  to  similar  forms  among 
the  stellate  cells  of  the  molecular  layer  of  the  cerebellum 
(Fig.  13). 

It  has  become  obvious,  therefore,  from  the  striking  general 
morphological  agreement,  that  if  we  are  to  seek  for  data  re- 
garding the  functional  characteristics  of  nerve  cells,  we  must 
look  for  them  elsewhere  than  simply  in  the  external  form 
relations  which  they  manifest;  even  the  direction  assumed 
by  an  axis-cylinder  process  does  not  always  permit  a  decision 
as  to  the  motor  or  sensory  function  of  the  cell  to  which  it 
belongs.  While  perhaps  the  majority  of  sensory  axones  in 
the  central  nervous  system  run  upward  and  of  motor  axones 
downward,  there  are  plenty  of  exceptions  to  this,  among  them 
the  descending  limbs  of  the  bifurcated  fibres  of  the  dorsal 
roots. 

Ramon  y  Cajal's  application  of  the  Golgi  staining,  almost  of 
the  nature  of  a  rediscovery,  attracted  the  most  widespread  at- 
tention, and  anatomists  everywhere,  casting  other  problems 
temporarily  aside,  set  to  work  with  the  silver  stain.     In  Ger- 


*  These  cells  have  been  designated  Schaltzellen  by  von  Monakow,  in- 
termediate cells  by  Sohafer,  VereinignngszeUen  by  von  Bechterew.  The 
term  association  cells  has  also  been  applied  to  them.  The  name  Dendmx- 
onen,  applied  by  von  Lenhossek,  seems  to  me  most  suitable  as  distinguish- 
ing them  from  cells  of  Type  I  or  Tnaxonen.  SchSfer's  name  projection  cell 
for  the  cell  of  Type  I  may  easily  lead  to  confusion,  and  I  think  is  better 
avoided.  Von  Monakow  (Arch.  f.  Psychiat.  u.  Nervenkr.,  Bd.  xx,  1889, 
S.  781)  seems  to  have  been  the  first  to  recognize  the  significance  of  Golgi's 
cells  of  Type  II  as  Schaltzellen. 

f  Von  Bechterew,  \V.  Die  Lehre  von  den  Xeuronen  und  die  Entla- 
dungstheorie.     Neurol.  Centralbl.,  Leipz.,  Bd.  xv,  1896,  S.  50;  103. 
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many,  von  KulHker,*  von  Lenlioss^k,  Waldeyer,  and  Edinger ; 
in  Belgium,  van  Gehuchten ;  in  Sweden,  Retzius ;  in  England, 
Schafer  and  Andriezzen ;  in  America,  Berkley  and  Strong,  to 
Bay  nothing  of  a  whole  host  of  other  investigatore  in  this  and 
other  countries,  went  busily  to  work  with  the  osmo-bichromate 
mixture  and  silver  nitrate,  and  within  a  Borprisiugly  short 
period  we  have  been  supplied  with  information  regarding  the 


FlO.  13.— A  trBDBltional  form,  0.  hetwern  (lolgi's  Cell  of  Type  I  aad  cell  of  T^pe 
II  fnnii  thv  muU-i'uUr  la;i'r  ofthrciTcbcllum.  (AftiT  viin  Bwblerew.)  Ttio 
inui!h-hmii.'hi-<l  uxis-cyliiidtvr  pniniw  c  n-teinti  Iw  icif  ntity  fcir  ik  ninBiderahle 
difltann-  from  the  ctll  bcidy.  The  tlhrw/, /,  arc  HXiB-cylindjT  pniceiwaof 
otht^r  npiinmf*  which  «re  ftiviiig  off  branchcB  in  the  neigiiliorKood  of  tlie  cell 
a  and  its  prciluplusiuic  procetiseB. 

form  and  local  reciprocal  relations  of  the  nerve  units  in  the 
most  various  portions  of  the  cerebro-spinid  and  sympathetic 
nervous  system.     The  views  advanced  by  Golgi  and  Ramon  y 


•Von  KSllikcr  visited  Goljii  in  1887,  and  called  attention  in  that  year  to  the 
great  st^illcance  of  tlie  Italian's  observstions  (cf.  Die  Untcrsui^hungen  von 
Golgi  nber  den  feineren  Bau  des  centralcn  Nerven systems.  Anat.  Am.,  Jena, 
Bd.  ii  (18HT),  No.  IS,  S.  480).  From  this  time  on  he  has  biisicil  himself  ex- 
tensively with  the  silver  method,  and  has  made  contribntions  of  very  high 
importance  (or  the  development  of  the  neurone  concept  of   the  nervous 
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Cajal  have  been  most  thoroughly  sifted,  have  undergone  mani- 
fold confirmation  and  certain  necessary  corrections,  until  at 
present  we  are  in  a  position  to  form  a  concept  of  the  organiza- 
tion of  the  nervous  system,  clearer,  sharper,  simpler,  and  more 
pleasing  than  could  have  been  even  imagined  by  the  most 
fanciful  dreamer  of  two  decades  ago. 


CHAPTER   IV. 

THE   VITAL  STAINING    OF  THE   NERVE    ELEMENTS. 

The  method  u(  vital  staining  introduced  bj  Ehrlich — The  results  afforded 
by  it. 

Satisfactory  and  convincing  »h  were  these  results  with 
the  silver  method  obtained  by  all  who  tried  for  them,  the  new 
ideas  received  important  support,  indeed,  were  in  part  estab 
lishei],  through  another  method  invented  by  one  who  fairly 
deserves  the  mime  of  "  chemical  magician  " — Ehrlich,  of  Berlin. 
To  have  worked  out  from  a  chemical  basis  and  laboratory  ex- 
periment a  method  for  the  differential  color  analysis  of  the 
leucocytes  which  has  revolutionized  our  ideas  of  the  blood  and 
elevated  hsematology  almost  to  a  special  branch  of  medical 
science ;  to  have  inaugurated  with  experiments  with  ricin  and 
abrin  a  new  era  in  investigations  on  immunity  and  antitoxine 
therapy ;  to  have  illustrated  by  the  methods  of  staining  living 
nerve  cells  and  their  processes  with  methylene  blue  the  possi- 
bilities of  an  experimental  pharmacology  of  which  we  could 
scarcely  have  dared  hope,  would  surely  have  been  enough  in  days 
less  liberal  than  ours  to  have  convicted  their  author  of  witch- 
craft and  of  being  a  menace  to  the  common  weal.  Ehrlich 
realized  that  the  ordinary  histological  methods  of  fixing  and 
subsequent  staining,  though  yielding  important  anatomical  con- 
clusions regarding  the  structure  of  the  tissues,  fail  to  give  ns 
very  exact  information  regarding  the  properties  of  the  living 
cells.  Concerning  pharmacology,  it  is  his  idea  that  a  definite 
toxic  substance  can  affect  only  those  elements  primarily  to  which 
it  actually  arrives  and  by  which  it  is  taken  up  in  a  specific  man- 
ner. If  such  bo  the  case,  the  determination  of  the  laws  govern- 
ing the  distribution  of  the  substance  are  of  prime  importance, 
and  tbe  physiological  action  of  the  drug  should  be  brought 
into  accord  with  these.*     On  account  of  our  poverty  in  micro- 

•  Ehrlirh.  P.  lleber  die  Methylenblaureaction  der  Icbenden  Nerven- 
Bubstanz.     Deutsche  med.  Wvhusehr.,  Iterl.,  1S86,  Bd.  xii.  S.  4»-0a. 
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chemical  reactions  it  was  inipossible  for  him  at  the  time  to  ex- 
periment satisfactorily  in  this  way  witli  the  alkaloids,  but  with 
certain  aniline  dyes  the  problem  could  more  easily  be  ap- 
proached. Experimenting  along  those  lines,  Ehrlich  found 
that  by  injection  tiilra  ritam  of  a  solution  of  methylene  blue 
dissolved  in  salt  solutiuii  into  the  blood-vessels  of  an  animal, 
the  axis  cyliudera  of  many  ot  the  nerve  fibres  (Fig.  14)  as  well 


W.-11  «hi.wn.     lAfl,T  VI.U  KJillikiT.) 


as  numerous  (particularly  sensory)  nerve  endings  (Fig.  15)  were 
stained  after  a  time,  when  the  animal  was  killed  and  the  tissues 
exposed  to  the  air,  of  an  intense  blue  oolor,  the  other  tissue 
element.^  rvmainiiig  little  or  not  at  all  atfocteil.  The  staining 
was  of  only  short  duration,  the  color  gradually  fading,  and  with 
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the  fading,  as  a  rule,  more  or  leas  diSuee  staining  of  the  other 
tissues  ocuurred. 


Ehrlich  matte  some  interesting  comparative  tests  with  dyea 
closely  allied  to  methylene  blue  in  order  to  obtain  if  possible  a 
chemical  explanation  of  the  staining.  Thus,  be  found  that  while 
fuchsin,  methyl  violet, 
and  safFranin.  which  con- 
tain no  sulphur,  would 
not  stain  the  nerves,  thio- 
nin  and  dimethylthionin 
as  well  as  methylene  vio- 
let yielded  a  reaction  simi- 
lar to  that  obtained  with 
methylene  blue,  so  that 
the  presence  of  one  basic 
group  (of  one  ammonium 
residue)  in  the  molecule 
(instead  of  two,  as  in 
methylene  blue)  appeared 
to  suffice  for  the  reaction. 
He  further  experimented 
with  the  expensive  sul- 
phon  of  methylene  blue 
{MethylenazHr)  and  found 
that  he  could  obtain  with 
it  the  nerve  staining,  so 
that  it  appears  to  be  a  mat- 
ter of  indifference  whether 
the  sulphur  in  the  mole- 
cule exists  as  a  phenylsulphide  or  as  a  phenylsulphon.  Finally,  he 
made  tests  with  Bindscheidler's  gi'eeii  iDimethyiphenylengriih), 
which  differs  from  methylene  blue  only  in  lacking  sulphur.  This 
substance,  which  is  distinctly  poisonous,  will  not  stain  the  nerves. 
BO  that  Ehrlich  concludes  that  it  is  the  entrfince  of  sulphur  into  the 
molecule  which  determines  the  nerve  coloring,  although  he  re- 
serves his  judgment  as  to  the  exact  r6lf  playe<l  by  this  element 
The  conditions  in  the  nerve  structures  essential  to  the  metbylene- 
blue  reaction  he  thought  were  (1)  oxygen  saturation  :  (2)  alkalinity. 
Whether  or  not  he  still  holds  to  these  ideas  expressed  in  1886, 1  am 
unable  to  say. 

It  was  soon  demonstrated  by  Amstein  that  injection  intra 
vitam  was  unnecessary  for  the  reaction,  he  having  shown  that 
as  long  as  the  tissues  remained  alive  injection  into  the  dead 
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animal  gave  results  equally  good.  Mayer  asserts  that  even 
several  days  after  death  the  reaction  is  sometimes  obtainable, 
and  combats  the  idea  of  a  "  vital  "  staining.  Certain  it  is  that 
sections  of  tissue  cut  with  a  Valentin's  knife  soon  after  removal 
from  the  body  and  laid  in  a  weak  solution  of  the  dye,  stain 
beautifully.  This  fact  I  can  assert  from  my  own  experience 
with  human  as  well  as  with  animal  tissues. 

One  serious  objection  to  the  methylene-blue  method  was  the 
transiency  of  the  staining.  Attempts  were  made  to  overcome 
this,  Pal  using  iodide  of  potassium,  Smirnow  iodine  and  iodide 
of  potassium,  Dogiel  an  aqueous  solution  of  ammonium  picrate, 
Mayer  and  Retzius  ammonium  picrate  and  glycerin  as  a  fixing 
agent,  but  no  one  of  these  methods  was  entirely  satisfactory,* 
and  the  preparation  of  thin  sections  of  the  stained  and  imper- 
fectly fixed  tissues  remained  an  impossibility.  Through  the 
fortunate  introduction  of  a  fixing  agent,  which  we  owe  to 
Bethe,t  this  difficulty  has  been  almost  entirely  overcome,  and 

♦  A  very  good  epitome  of  the  work  done  with  the  method  up  to  1891  is 
to  be  found  in  the  collective  review  by  H.  Riese  in  the  Centralbl.  f.  allg. 
Path.  u.  path.  Anat.,  Jena,  Bd.  ii  (1891),  S.  836-848. 

t  Bethe,  A.  Studien  Uber  das  Centralnervensystem  von  Carciwis  Mmnaa 
nebst  Angaben  lllwr  ein  neucs  Verfahren  der  Methylenblaufixation.  Arxsh. 
f.  mikr.  Anat,  Ik)nn,  1894-'5,  Bd.  xliv,  S.  579-622. 

The  method  depends  upon  converting  the  soluble  methylene-blue  hydro- 
chloride used  in  staining  into  an  insoluble  raolybdate  combination.  For 
vertebrate  tissues  the  following  mixture  may  be  recommended  : 

Ammonium  molybdate 1  grm. ; 

Distilled  water 10  c.  c. ; 

Hydrogen  peroxide Ice; 

Hydrochloric  acid,  C.  P 1  gtt. 

For  invertebrate  tissues  the  following  is  employed  : 

Ammonium  molybdate 1  grm. ; 

Distilled  water 10  c.  c. ; 

Hydrogen  peroxide 0.5  c.  c. 

The  solutions  should  in  each  instance  be  freshly  prepared.  The  tissues 
should  be  immersed  in  the  fluid  (well  cooled)  at  the  acme  of  the  staining, 
and  kept  in  the  ice  box  for  from  two  to  five  hours.  They  are  then  left  at 
the  room  temperature  for  a  few  hours,  washed  for  half  an  hour  in  distilled 
water,  dehydrated  quickly  in  cold  alcohol,  and  imbedded  by  means  of 
repeated  xylol  clearing  (to  remove  all  alcohol)  in  balsam.  After-staining' 
with  alum-cochineal  is  often  helpful  for  contrast.  In  a  more  recent  article, 
entitled  Eine  neue  Methrxie  der  Metliylenblaufixation,  Anat.  Anz.,  Jena, 
Bd.  xii,  1896,  S.  438-446,  Bethe  has  suggested  further  modifications  of  the 
method,  useful  for  various  special  tissues. 
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lo.  16,— I*(t  half  of  brain  KanRlion  of  S'rrrin  divrDnrolor  wi»h  the  nerves 
conncctHl  with  it  seen  froni  the  dunal  mrtaix.  Mvthy1en(^blu<'  KtainiiiR. 
fixHtiun  by  Belhv'a  method.  (Afti-r(i.  fietiius,  1898,  tuken  from  Ranhrr'a 
Aaalomie  ae>  Meruriim,  5.  Aufl.,  Bil.  ■i.H.  SS6.)  if.  antiTlor  group  or  ftansUiio 
veils;  g*.  lateral  group  of  ganglion  cells;  g'.  posteiiiii'  K">iiP  of  gnnglion 
""  "  "1.  hipoUr  eella  at  sensury  type,  the  pi-riphi-ml   pro«es«iw  of  whicb  go 


a  spot  in  the  skin  {i),  to  end  there;  pr,  ai 


grenufcs ;  an.  anlennB-ncrvii  film's ;  a,  aiiteniia ;  m,  dendriliutlly  hrone 
nurvc'  fihif  (muscular  nervf) ;  k.  ni'rve  bniin'heSi  branehiiig  ut  emp 
granular  fibn'H ;  pn,  nervi's  to  palp  ;  e,  conimiKXiiral  branches  u(  neural  i 
going  tu  sulKBSupbageal  gangUua  ;  oh,  pignieuted  eyes. 
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it  is  now  possible  not  only  to  fix  beautifully  the  structures  at 
the  height  of  the  staining,  Fig.  16,  but  also  to  imbed  the  tis- 
sues thus  fixed  in  paraffin,  which  permits  of  the  preparation 
of  sections  of  any  desired  thinness  and  so  to  counter-staining 
by  means  of  suitable  dyes,  for  example,  alum-cochineal.* 

I  have  laid  some  stress  upon  the  introduction  of  the  methy- 
lene-blue  method,  but  not  more,  perhaps,  than  its  importance 
warrants.  As  von  Lenhossek  has  said,  until  the  introduction 
of  the  Golgi  stain,  no  one  probably  had  seen  a  nerve  cell  with 
all  its  processes — a  complete  nerve  unit  in  its  totality.  But 
even  with  the  (iolgi  stain  not  every  element  impregnated  can 
be  followed  throughout  its  whole  extent.  Indeed,  it  is  perhaps 
the  rule  that  where  the  medullary  sheath  begins  the  silver 
impregnatitm  of  the  axis-cylinder  process  ceases.  The  stain- 
ing of  nerve  endings  in  adult  structures  with  the  Golgi 
method,  even  with  double  and  triple  impregnations,  succeeds 
only  rarely.  But  just  here  lies  the  great  value  of  Ehrlich's 
method.  With  a  little  care  and  a  good  sample  of  methylene 
blue  the  nerve  endings  and  the  axis  cylinders  of  meduUated 
fibres,  with  which  they  are  continuous,  can  be  stained  in  a  way 
far  surpassing  in  constancy  and  completeness  the  best  results 
of  the  uncertain  gold  chloride  procedure.  Already  most  im- 
portant contributions  have  been  made  with  this  method  by 
Ehrlich,  Dogiel,  Retzius,  Sminiow,  Riimon  y  Cajal,  von  Len- 
hossek, Symonowicz,  Iluber,  Bethe,  and  others,  and  it  may 
safely  be  predicted  that  with  the  recent  improvements  it  will 
be  much  more  widely  and  successfully  applied.  That  the 
method  is  also  applicable  to  the  study  of  pathological  tissues 
removed  by  operation  from  hunum  beings  has  been  shown  by 


*  With  Lavdowsky's  modification  of  EJirlich's  inetho<i,  together  with 
Betlie's  fixing  procedure.  I  liave  l)een  able  to  deinonstnito  nerve  endings  in 
liuman  and  animal  tissues  in  a  manner  entirely  su|»orseding  any  other 
methcxl  known  to  me.  Tlie  comparison  of  tlie  gradual  appearance  of 
structure  after  structure  and  of  detail  after  detail  in  the  tissue  duriDg 
tlie  staining  to  the  development  of  a  photographic  negative,  an  illustration 
employe<l  by  Lavdowsky,  is  very  apt.  If  the  stain  be  pushed  too  far  the 
pieltire  becomes  clouded,  owing  to  diffuse  staining  of  the  other  tissues  with 
the  blue — it  has  been  "overdeveloped."  The  methods  of  vital  injection  of 
methylene  blue  used  at  Wood's  Ilnll.  Mass.,  have  been  described  by  Morill, 
A.  I).,  Amer.  Naturalist,  vol.  xxx,  IHOfi,  pp.  857-850.  Iluber  has  described 
the  methods  he  employs  in  the  Journal  of  Applied  Microscopy,  Rochester, 
vol.  i,  1898,  pp.  64-67. 
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the  researches  of  Young,  in  which  by  means  of  it  he  has  been 
able  to  demonstrate  the  presence  of  nerves  in  certain  tumors.* 

The  results  hitherto  attained  with  Ehrlich's  methods  have 
confirmed  and  elaborated  those  of  the  Golgi  methods,  except, 
perhaps,  in  one  particular.  Some  observers,  notably  Dogiel, 
the  distinguished  Russian  histologist,  have  maintained  that  in 
the  methylene-blue  specimens  an  anastomosis  of  the  proto- 
plasmic processes  of  one  and  of  neighboring  nerve  cells  can 
be  demonstrated.  Indeed,  if  his  illustrations  represent  the 
actual  conditions,  it  becomes  necessary  to  somewhat  modify 
the  ideas  regarding  the  relations  of  nerve  cells  founded  on 
observations  made  with  Golgi's  method,  for  he  has  pictured 
not  only  the  anastomosis  in  the  retina  of  the  dendrites  of  the 
nerve  cells,  but  also  a  network  formed  by  the  union  of  axis- 
cylinder  processes  as  well  as  the  origin  of  nerve  fibres  from  axis- 
cylinder  networks  and  from  networks  of  dendrites.  Masiusf 
also  maintains  that  the  dendritic  processes  anastomose  with 
one  another.  This  view,  at  first  thought  apparently  inimical 
to  the  doctrine  of  the  morphological  and  physiological  inde- 
pendence of  the  nerve  units,  has  been  stoutly  denied  by  Bamon 
y  Cajal,  von  Lenhossek,  and  others,  who  have  studied  specimens 
stained  both  with  Golgi's  and  Ehrlich's  method,  and  it  has 
been  subjected  to  an  especial  searching  criticism  recently  by 
Bouin.  He  denies  the  existence  of  anastomoses  among  the 
retinal  elements,  except  the  branchings  of  the  cells  which 
possess  no  axis-cylinder  processes.  I  have  myself,  in  a  consid- 
erable experience  with  specimens  stained  by  the  methylene- 
blue  method,  been  convinced  that  many  of  the  appearances 
which  closely  resemble  anastomosis,  especially  in  specimens 
stained  in  bulk  or  in  small  pieces  and  fixed  by  Dogiel's  method, 
are  really  optical  illusions,  since  after  long  and  tedious  search 
with  oil-immersion  lenses  in  paraffin  sections  of  methylene-blue 
preparations,  fixed  by  Bethe's  method,  I  have  seldom  been  able 
to  find  any  evidence  of  definite  anastomosis.  That  anastomo- 
ses actually  do  occasionally  occur  can  not,  however,  be  longer 

♦  Young,  H.  H.  On  the  Presence  of  Nerves  in  Tumors  and  of  other 
Structures  in  tliem  as  Revealed  by  a  Modification  of  Ehrlich's  Method  of 
"Vital  Staining''  with  Methylene  Blue.  Journal  of  Experimental  Medi- 
cine, N.  Y.,  1897,  vol.  ii.  No.  1.  pp.  1-12. 

f  Masius,  Jean.  Recherches  histologiques  sur  le  systeme  nerveux  cen- 
tral.    Arch,  lie  biol.,  Gand,  tome  xii,  1892,  pp.  151-167. 
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doubted;  for  not  only  have  they  been  seen  by  investigators 
working  with  the  methylene-blue  method,  but  Tartuferi  and 
others  have  found  them  in  tissues  impregnated  by  the  chrome- 
silver  procedure.  The  work  of  Bela  Haller,  Goeppert,  and 
Edinger  speaks  also  for  the  occurrence  now  and  then  of  anas- 
tomoses even  of  a  coarser  sort  between  the  processes  of  neigh- 
boring units.  The  much-used  simile,  however,  that  the  pro- 
cesses (and  their  divisions)  of  nerve  cells  maintain,  in  the  vast 
majority  of  instances,  their  identity  throughout,  interlacing 
perhaps  with  one  another  or  with  similar  processes  from  other 
nerve  cells,  just  as  the  branches  of  the  trees  in  a  dense  forest 
may  intermingle  but  remain  independent  of  one  another,  the 
nerve  elements  being  as  separate  and  as  independent  as  the 
trees  and  their  branches  and  leaves,  has  apparently,  at  Isast  so 
far  as  einbryonic  HHHuea  are  concerned^  had  its  complete  ana- 
tomical justification.  Should  occasional  anastomoses  between 
the  processes  of  nerve  cells  be  even  proved  to  occur,  or  should 
it  be  true,  as  seems  likely  from  the  work  of  Held,  Apdthy,  and 
Bethe  {vide  infra)^  that  in  adult  life  reciprocal  relations  exist 
of  a  far  more  intimate  sort  than  those  that  obtain  in  the  em- 
bryo, the  general  validity  of  the  doctrine  of  the  individuality 
of  the  neurones  would  not  be  affected. 


CHAPTER  V. 

THE  TERM   "  NEURONE "   AND  THE   NEURONE   CONCEPTION. 

Waldeyer's  review,  in  1891,  of  the  newer  inyestigations — The  term  neurone 
applied  to  the  whole  nerve  unit — The  neurone  conception  of  the  nerv- 
ous system. 

In  1891  Waldeyer  did  great  service  to  the  new  doctrine  by 
bringing  together  within  a  brief  compass  and  in  a  clear  and 
convincing  manner  the  results  up  to  that  time  attained,  com- 
paring the  experiments  of  the  different  investigators  with  one 
another  and  submitting  all  to  his  keen  and  critical  judgment. 
His  article*  perhaps  has  done  more  than  any  other  single 
publication  to  make  generally  popular  the  doctrine  of  the  in- 
dividuality of  the  nerve  elements  for  other  reasons,  but  more 
especially  from  the  fact  that — and  this  is  a  point  upon  which 
von  Lenhossek  lays  emphasis — besides  his  clear  presentation 
of  the  established  discoveries  he  introduced  a  term  for  the 
histological  unit  in  the  nervous  system  (including  the  whole 
element — cell  body,  protoplasmic  processes,  axis-cylinder  pro- 
cesses, end  arborization,  and  collaterals),  dubbing  it  euphoni- 
ously in  German  Neurdn  (Greek,  o  vevpwv;  English,  neurone)^  a 
term  which  has  been  almost  universally  adopted  by  anatomists, 
physiologists,  pathologists,  and  clinicians  in  various  countries. 
Objections  to  the  use  of  the  word  neurone  as  a  designation  for 
the  nerve  unit  have  been  offered  by  KoUiker,  Schafer,  and 
others.  It  is,  however,  so  much  more  convenient  a  term  than 
any  other  which  has  so  far  been  suggested,  and,  moreover,  has 
already  entered  so  thoroughly  into  common  usage,  permeating 
the  bibliography  of  all  specialties,  that  I  think  it  must  be 
accepted ;  if  so,  the  use  of  the  term  "  neuron  "  as  a  name  for 
the  axis-cylinder  process,  as  advocated  by  Schafer  in  his  admi- 
rable essay  The  Nerve  Cell  Considered  as  the  Basis  of  Neu- 
rology,! is  to  be  deprecated,  and  more  particularly  because  a 


*  Waldeyer,  W.     Op.  cit. 

t  Schafer,  E.  A.    Brain,  Lond.,  vol.  xvi,  1893,  pp.  134-169. 
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few  distinguished  teachers  have  been  induced  to  continue  the 
use  of  the  term  in  this  way,  thus  leading  at  times  to  consider- 
able confusion.  Since  the  word  "  neuron  "  has  been  employed 
by  Schafer  to  mean  the  axis  cylinder  (axone  or  neurite)  and  by 
Wilder  to  indicate  the  central  nervous  axis,  and  since  the  ori- 
gin of  the  one  term  is  the  Greek  vevpov  and  the  origin  of  that 
suggested  by  Waldeyer  is  the  Greek  vtupuwy  the  desirability  of 
spelling  the  latter  in  English  "  neurone,"  and  of  pronouncing 
it  neurone,  is  all  the  more  obvious.*  In  the  accompanying 
illustration  (Fig.  17)  a  typical  example  of  a  lower  motor  neu- 
rone is  shown  in  diagram.  The  cell  body  with  all  its  pro- 
cesses, including  that  extending  to  the  muscle  fibres,  makes  up 
the  total  mass  of  one  neurone. 

Enough  has  been  said,  I  hope,  to  make  clear  what  is  meant 
by  the  "  neurone  concept  "  of  the  nervous  system.  To  sum  it 
up  in  a  few  words :  The  nervous  system,  aside  from  its  neu- 
roglia, ependymal  cells,  blood-vessels,  and  lymphatics,  consists 
of  an  enormous  number  of  individual  elements  or  neurones. 
Each  neurone  in  its  entirety  represents  a  single  body  celL 
These  units  are  at  first  entirely  (if  protoplasmic  bridges  be 
excepted)  and  continue  throughout  life  relatively  to  be  mor- 

♦  Kolliker  (Ilandbuch  dcr  Gewebelehre  des  Menschen,  1893,  Bd.  ii,  S.  2) 
states  his  objection  as  follows:  "Das  Wort  Neuron^  Neuronen^  das  gut 
klingt,  kann  sprachlich  nicht  gebraueht  werden,  wie  vorgeschlagen  wurde, 
denn  es  bedeutet  einen  Sammelpunkt  vieler  Neuren  oder  Nerven.  Von  den 
Worten  Neurodendren  und  Xeurodendridieii  ist  das  letztere,  obschon  langer, 
als  Uebersetzung  von  Nervenbaumchen  docli  viellcicht  entsprechender." 
The  adoption,  however,  of  the  better  sounding  word  is  in  this  instance  easily 
intelligible,  and,  moreover,  is  not  without  many  a  precedent,  as  the  phi- 
lologist must  sorrowfully  grant.  In  the  present  case,  however.  Professor 
B.  L.  Gildersleeve,  of  the  Johns  Hopkins  University,  informs  me  that 
KOlliker's  objection  to  vtvp<!>v  will  not  hold,  as  it  would  apply  equally  well 
to  irop^cyc^y,  which  means  "the  house  of  the  virgin."  While  the  spelling 
neurone  is  not  pleasing,  for  that  matter  neither  are  the  spellings  atiode 
and  cathode,  which,  after  the  analogy  of  method,  should  be  spelled  anod 
and  cat  hod,  but,  under  the  circumstances,  in  order  to  anglicize  Waldeyer's 
term,  the  use  of  the  word  and  spelling  neurone  seems,  as  Professor  Gilder- 
sleeve says,  to  be  inevitable.  Cf.  Barker,  L.  F.  Concerning  Neurological 
Nomenclature.  Johns  Hopkins  Hospital  Bulletin,  Bait.,  1896,  vol.  vii, 
p.  200.  Frank  Baker,  of  Washington  (New  York  Medi(»al  Journal,  vol. 
Ixiii  (1896),  p.  373;  and  in  Proc.  Ass.  Am.  Aniit.,  1895,  Wash.,  1896,  vol. 
viii,  pp.  40-45),  has  suggested  the  term  neure,  corresponding  to  Rauber's 
neura,  for  the  nerve  unit,  a  nomenclature  which  has  received  the  support 
of  C.  S.  Minot. 
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111.  IT.—Sclifinf  ..f  lijwtr  motor  ni  nnnii-  Th.  im.liir  n  II  l««ly,  UwthiT  with 
all  ib<  pniliiplasmic  pfut'owti.  ItH  uxiH-cyliiidi-r  prociiw.  nidi.'  Sliriln,  or  ciil- 
Uti'mlx,  and  i>nd  nimifimtiiinB,  n'pnwiit  purtH  uf  n  hIiikU'  ivll  <ir  nfunmr. 
a.  h..  niimi^hilluck  ilcvi.id  of  NImiI  Ualiot.  and  Nhuwing  ahrlllsti<ni :  ax.. 
HnU  ryllDilcr  <>r  aiunc.  TIiih  iinxfHi.  ni'ar  (he  cell  iHidy.  iKViunn  i«iTRiuiidi4 
hy  nijri-lin,  ni.,  anil  n  crIluUir  Hliralh,  tlii-  ni'iirlli'mma.  thf  lattiT  nut  hfinfc  an 
iiiti-icral  paituf  Ihr  npnrciiii' :  r..  i-yti>pUuiiii  HhiiwinK  Niml  bmlirK  uml  li|{liti>r 
finiunil  HnhKtnniir :  if.,  umhiulaiiniir  ptihiihi'h  (ili-ndrititi)  ii>uUiniiiK  Niwl 
bodHti:  n..  nudrUH;  N'.,nnvl(iiluiil  n.  «.,  noli- iirKuuvii-T  ;  <r./.,  Hiili-ttl.nl; 
n.  af  H..  tiurli'iiH  a{  ni-urili-min»  iiliiiith ;  M..  tiiotiir  end  pliiti-  rir  trludvu- 
driiio  ;  m'.,  striped  muavlu  flbn: ;  ».  L.,  iii:]iiutiit>tiuu  uf  Ijinti'ruiuiin. 
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phologically,  and  in  part,  at  least,  physiologically,  independent 
of  one  another. 

There  is  no  evidence  of  the  existence  of  a  diffuse  nerve  net- 
work either  in  the  sense  in  which  von  Gerlach  or  in  that  in 
which  Golgi  used  the  term,  though  should  it  he  forthcoming, 
it  would  not,  and  Waldeyer  stated  this  in  his  article,  interfere 
with  the  neurone  conception.  The  axis  cylinder  of  every  nerve 
fihre,  just  as  much  as  every  protoplasmic  process,  is  an  integral 
part  of  a  neurone,  and  has  an  organic  connection  somewhere 
with  a  nerve  cell.  Nerve  conduction  paths  may,  and  probably 
usually  do,  in  higher  animals  at  least,  involve  more  than  one 
neurone,  the  neurones  being,  as  it  were,  superimposed  upon 
one  another  to  make  simple  or  more  complex  neurone  chains 
or  chains  of  neurone  groups,  one  individual  neurone  through 
its  various  processes  being  in  a  position  to  be  affected  by  and 
in  turn  to  affect  several  or  many  other  neurones.  Notwith- 
standing almost  infinite  minor  variations  in  form,  the  neurones 
in  the  most  different  parts  of  the  nervous  system  present  sur- 
prisingly similar  general  external  morphological  characteristics. 
The  nerve  life  of  the  individual,  including  all  his  reflex,  in- 
stinctive, and  volitional  activities,  is  the  sum  total  of  the  life 
of  his  milliard  of  neurones.* 


♦  Aceordinp^  to  t}ie  estimations  of  Meynert,  the  cortex  of  the  cerebral 
hemispheres  alone  contains  twelve  hundred  millions  of  ganglion  cells.  Don- 
aldson (The  Growth  of  tlie  Brain,  a  Study  of  the  Nervous  System  in  Rela- 
tion to  Education,  12mo,  I>nidon.  1897,  p.  159)  states  that  for  the  total  num- 
ber of  nerve  cells  in  the  central  nervous  system  three  thousand  millions  is  a 
moderate  estimate. 

It  may  ^te  recalled  that  i\  F'rancke  (Die  menschliche  Zelle,  Leipz.,  1891, 
p.  27)  has  estimated  the  total  number  of  cells,  leaving  out  tlie  red  blood- 
corpuscles,  in  an  ailiilt  human  l^Kiy  to  Ix;  alK>ut  four  billions  (3.996  billions). 
The  nv/^l  aor-urate  e«tinjat<'.-  of  tlie  total  number  of  red  blood-corpuscles 
at  our  command  make  the  num^>er  alK>ut  twenty-two  billions  and  a  half, 
making  a  total  '.f  twenty-ix  billion-*  and  a  half  (26,500,(XK).000,000)  of  body 
cells.  Donald-^/n"-  *r*'tirr.af*;  for  the  nervi*  cells  would,  therefore,  make  them 
Ti'iiTf^.tit  orj**  nin*-fhoii-aridth  of  th*-  total  number  of  cells,  exclusive  of 
the  red  bky*'J-'"^»rp'i*^I»-.  an  <-<t.irfiav  which  probably  falls  below  rather  than 
aJx»ve  th*t  tri'h.  \',.  *ifTi  ca>  .iviorn  an*  necessarily  extremely  crude,  but 
afford  opjy>r.'-Mty  for  ;rjVr*: -*.;.;(  *\tyiy. 


CHAPTER  VI. 

THE    BEARIXO   OF    RESEARCHES   SIXCE    1891    UPOX  THE 
VALIDITY   OF  THE   NEURONE    DOCTRINE. 

The  reliability  of  the  data  upon  which  the  neurone  doctrine  was  founded — 
The  cell  doctrine — Confirmation  of  the  work  of  His — Study  of  degen- 
erations— liesearches  with  the  method  of  March i  and  with  the  method 
of  Nissl — Anastomosis  of  dendrites — Studies  of  Held  upon  concrescence 
— Contributions  of  Apathy. 

It  must  now  be  asked  (1)  In  how  far,  in  the  seven  years 
which  have  elapsed  since  the  neurone  conception  was  distinctly 
formulated,  choosing  arbitrarily  the  article  of  Waldeyer  as  thf* 
date  of  this,  have  the  data  upon  which  it  was  based  been 
found  to  be  reliable  ?  and  (2)  Can  all  the  results  of  researches 
which  have  led  to  the  discovery  of  new  facts  since  that  time  be 
brought  into  accord  with  the  neurone  doctrine  ?  * 

It  has  been  seen  from  what  has  preceded  that  the  founda- 
tion of  the  neurone  doctrine  is  quadruple :  (1)  The  a  priori 
probability  that  the  nervous  system  agrees  with  other  parts  of 
the  body  in  being  a  cellular  system ;  (2)  the  proof  that  in  the 
embryo  the  nerve  cells  exist  as  independent  units,  many  of 
which  are  capable  of  wandering  for  considerable  distances  from 
the  site  of  their  origin ;  (3)  the  fact  that  the  nutrition  of  the 
nerve  cells  is  most  easily  explicable  from  the  standpoint  of  a 
doctrine  which  looks  upon  the  nervous  system  as  made  up  of 
units,  which  are  not  only  anatomical  but  also  physiological, 
since  in  pathological  degenerative  processes  affecting  a  given 
unit  or  set  of  units,  degeneration  of  a  given  type  extends  only 

♦  C'f.  Barker,  L.  F.  On  the  Validity  of  the  Neurone  Doctrine.  Amer. 
J.  Insan.,  Bait,  1898-'9,  vol.  Iv,  pp.  31-49.  Three  American  reviews  of 
the  neurone  doctrine  may  be  referred  to  by  the  reader — one  by  A.  O.  J. 
Kelly,  The  Neuron.  Univ.  M.  Mag.,  Phila.,  1896-7,  vol.  ix,  pp.  276-293 ; 
the  second  by  D.  I.  Wolfstein,  The  ITistological  Basis  of  the  Neurone 
Theory,  Cincin.  Lancet-Clinic,  n.  s..  vol.  xxxix,  1897,  pp.  565-579;  the  third 
by  P.  A.  Fish,  The  Nerve  Cell  as  a  Unit.  J.  Comp.  Neurol.,  Granville,  1898, 
vol.  viii,  pp.  99-112. 
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within  the  limits  of  that  unit  or  set  of  units,  any  degeneration 
of  other  units  being  of  an  entirely  different  nature,  and  when 
resembling  the  former  occurring  much  more  slowly ;  and  (4) 
the  histological  demonstration  of  the  fact  that,  for  reasons  as 
yet  too  subtle  for  analysis,  sometimes  one  unit,  sometimes  an- 
other, may  be  picked  out  by  a  particular  method  of  staining  or 
impregnation  and  brought  exquisitely  into  view,  others  near  by 
remaining  only  partially  stained  or  entirely  unaffected.  In  ad- 
dition, the  doctrine  agrees  well  with  all  the  known  facts  diseoT- 
ered  by  Edinger,  Herriek,  and  others  in  the  field  of  compara- 
tive anatomy. 

Have  these  data  been  proved  to  be  unreliable  ?  With  regard 
to  the  cell  doctrine  it  may  be  said  to  be  now  universally  held, 
although  it  is  true  that  it  does  not  explain  all  known  facts,  and 
that  here  and  there  a  distinguished  biologist  draws  attention  to 
its  "  inadequacy."  *  The  embryological  researches  of  His  con- 
cerning the  neuroblasts  have  been  manifoldly  confirmed  by  his 
own  and  by  other  methods.  Not  until  we  come  to  the  studies  of 
degeneration  inside  the  nervous  system  do  we  find  any  appear- 
ance of  discrepancy.  The  doctrines  of  von  Gudden  and  von 
Monakow,  on  the  whole,  however,  still  liold.  Lesion  of  a  given 
set  of  neurones  causes  degeneration  of  the  typical  and  gener- 
ally recognized  sort  (tliat  revealed  by  Weigert's  method)  only 
within  the  domains  of  that  set.  If  large  numbers  of  neurones 
belonging  to  a  given  system  degenerate  and  are  absorbed,  there 
may  be,  it  is  true,  after  the  lapse  of  a  very  long  time,  possibly 
total  atrophy  with  absorption  in  neurones  of  another  order  (as 
probably  occurred  in  tlie  ease  reported  by  Flechsig  and  Hoesel, 
in  which  the  corticopetal  neurones  of  the  genenil  sensory  path 
had  been  injured  by  a  lesion  involving  the  central  gyri,  and 
after  many  years  many  of  the  neurones,  tlie  axones  of  which  go 
to  make  up  the  internal  arcuate  fibres  of  the  medulla  oblon- 
gata and  the  fibres  of  the  lemniscus  medialis,  had  entirely  disap- 
peared). But,  as  a  rule,  the  tertiary  change  is  one  of  shrinking 
and  diminution  of  the  calibre  of  tiie  medullated  fibres  rather 

*  Cf.  Whitman.  ('.  <>.  The  In."i«iet|uai  y  (»f  tlie  Oil  Theory  of  Develo|>- 
ment.  WotkI's  Hnll  liif»loj:ical  I^eitures.  lHO:i ;  also  in  J.  Morphol..  Bost., 
vol.  viii,  1S03,  pp.  r>:{0-Or>s;  ami  S<Mlf;wi(k.  A..  On  the  Iiia(le(|iiacy  of  the 
relliilar  Tlieory  of  Devolopnu-nt.  and  on  the  Karly  Development  of  Nerves, 
fMirticularly  of  the  Tliird  Nerve  and  of  the  Sympathetic  in  Klasmobraiichii. 
yuan.  J.  Micr.  Sc.,  Lond.,  vr.l.  xxxvii.  Ixy4-T),  pp.  87-101. 
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than  complete  disintegration  and  absorption  (as  the  condition 
in  which  the  brachium  conjunctivum  is  ordinarily  found  after 
extensive  disease  of  one  cerebral  hemisphere  fully  illustrates). 

Since  1891  a  vast  deal  of  work  upon  degenerations  has  been 
done  with  two  methods  which  are  especially  well  adapted  for 
yielding  information,  especially  in  tissues  obtained  too  soon 
after  the  lesion  to  be  of  value  for  study  by  the  method  of  Wei- 
gert.*  The  first  of  these  methods,  that  of  Marchi,  thus  far 
speaks  strongly  in  its  results  for  the  validity  of  the  neurone 
doctrine.  There  is  no  evidence  from  its  use  that  a  degenera- 
tion following  an  injury  extends  beyond  the  limits  of  the  neu- 
rone or  neurones  which  the  lesion  involves.  On  the  contrary, 
the  method  is  mainly  of  value  since  it  permits  the  following  of 
a  set  of  diseased  fibres  to  their  termination.  By  its  aid  the  ex- 
act course  and  distribution  of  Gowers'  tract  as  far  as  its  ending 
in  the  cerebellar  worm  have  been  followed.  This  is  only  a  sin- 
gle, although  an  important,  example  of  its  efficacy. 

Investigators  who  have  employed  the  second  method,  that 
of  Nissl,  and  its  various  modifications  have  been  extraordinarily 
active.  The  procedure  is  an  extremely  delicate  one,  and 
changes  hitherto  entirely  unsuspected  have  been  detected  by  it 
in  various  pathological  conditions.  Through  it,  in  one  respect 
at  least,  the  neurone  conception  has  been  supported,  for  the 
method  has  demonstrated  that,  when  any  portion  of  an  axone 
or  its  terminal  ramifications  is  diseased,  the  whole  neurone  to 
which  that  axone  belongs  suffers,  the  changes  which  occur  in 
the  "  stainable  substance  "  or  "  tigroid  "  of  the  cell  body  and 
dendrites  of  a  neurone  after  lesion  to  its  axone  being  now  gener- 
ally recognized  and  appreciated.  As  Stirling  of  Manchester! 
emphasizes,  the  changes  which  occur  after  amputations  also 
point  to  the  individuality  of  the  neurone  unit.  In  another  re- 
spect, however,  the  application  of  the  method  of  Nissl  has 
brought  into  view  a  phenomenon  which  at  first  glance  appears 
to  be  opposed  to  the  neurone  conception.  It  has  been  found 
by  Marinesco  (though,  curiously  enough,  he  interpreted  his 
observation  differently),  by  Warrington,^  and  by  van  Gehuch- 


*  The  method  of  Marchi  and  that  of  Xissl,  and  the  results  to  which  they 
have  led,  will  be  referred  to  in  more  detail  in  subsecjuent  chapters. 

f  Personal  communication. 

X  Warrington,  VV.  B.  On  the  Structural  Alterations  observed  in  Nerve 
Cells.     J.  Physiol.,  Lond.  and  Cambr.,  1898,  vol.  viii,  Nos.  1  and  2. 
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ten  that  in  certain  instances  the  cutting  through  of  a  cerebral 
sensory  nerve  between  its  ganglion  and  the  central  nervous  sys- 
tem (or,  in  terms  of  the  neurone  conception,  solution  of  con- 
tinuity of  the  axones  of  sensory  neurones  of  the  first  order) 
is  followed  by  changes  in  the  nucleus  terminalis  of  the  nerve 
quite  like  those  which  occur  in  the  cells  of  the  peripheral  gan- 
glion itself  after  section  of  the  sensory  nerve  oetween  the  gan- 
glion and  the  periphery  of  the  body,  or  like  those  which  follow 
in  a  motor  nucleus  upon  section  of  the  root  fibres  issuing  from 
it.  Highly  interesting  as  the  phenomenon  is,  and  as  yet  insuffi- 
ciently explained,  it  can  hardly  be  said  to  in  any  way  invalidate 
the  neurone  conception.  The  fact  that  an  injury  to  one  indi- 
vidual in  a  society  leads  to  the  detriment  of  certain  other  indi- 
viduals with  whom  the  former  individual  was  most  intimately 
associated,  can  not  be  considered  as  disproving  the  idea  that 
the  society  is  composed  of  individuals.  And  that,  in  the  case 
of  the  neurones  under  consideration,  the  character  of  the  in- 
jury in  the  peripheral  and  in  the  central  neurone  differ  is  obvi- 
ous from  the  subsequent  history  of  the  two  neurones  in  ani- 
mals permitted  to  live  for  some  time  after  the  injury.  In  the 
one  instance  typical  Wallerian  degeneration  with  absorption 
quickly  takes  place,  in  the  other  there  is  at  most  slow  secondary 
atrophy. 

Histologically,  there  have  been  since  1801  repeated  confir- 
mations of  the  earlier  single  observations  of  coarse  anastomoses 
of  dendrites.  In  mammals  the  finding,  except  in  the  retina,  is 
rare,  though  in  lower  forms,  according  to  the  recent  observa- 
tions of  Bethe,  Nussbaum,  Schreibcr,  and  Holmgren,  it  appears 
to  be  more  common.  I  have  myself  seen  it  in  the  nervous  sys- 
tem of  rabbits,  and  have  observed,  what  others  have  seen  also— 
namely,  the  partial  fusion  of  the  cell  bodies  of  two  neurones. 
But  these  unusual  conditions,  even  were  they  common,  are 
surely  of  but  little  consequence  when  brought  forward  as  argu- 
ments against  the  individuality  and  relative  independence  of 
the  nerve  units.  If  one  thinks  for  a  moment,  the  unreason- 
ableness of  the  objection  becomes  obvious,  for  who  would  con- 
sider seriously  the  argument  of  an  anthropologist  who  contended 
that  the  human  race  did  not  consist  of  separate  units  and  indi- 
viduals on  the  ground  that  cases  of  double  malformations  like 
the  Siamese  twins,  the  Janus-headed  monsters,  and  the  various 
instances  of  epignathi,  thoracopagi,  eindfcetus  in  fwtu  are  known 
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to  occur  ?  Even  if  in  the  heart  of  Africa  somewhere  we  should 
come  to  find  that  there  existed  a  terrible  and  swift  race  such  as 
Plato  makes  Aristophanes  describe  in  the  Symposium,  we  doubt 
very  much  if  we  should  be  willing  to  give  up  the  general  view 
that  humanity  is  a  mass  of  multiple  units,  though  doubtless  we 
should  have  to  modify  our  conception  as  to  the  possibility  of 
variety  in  the  units,  or  admit  a  bond  of  union  between  them 
more  intimate  than  that  to  which  we  are  accustomed. 

On  the  whole,  however,  it  jnay  be  said  with  fairness  that  the 
control  instituted  by  hundreds  of  histologists  in  various  parts 
of  the  world  has,  practically,  in  every  instance  in  which  the 
method  of  Golgi  or  the  method  of  Ehrlich  has  been  employed, 
gone  to  confirm  the  conception  that  the  neurone  is  a  unit  in  the 
sense  of  Waldeyer. 

Passing  now  to  the  last  inquiry,  let  us  examine  the  original 
contributions  dating  since  1891,  and  see  if  in  them  we  can  find 
any  facts  which  necessarily  nullify  the  validity  of  the  neurone 
conception.  In  this  connection  only  two  researches  present 
themselves  which  are  likely  to  be  brought  forward  by  its  an- 
tagonists. One  of  these  is  the  investigation  of  Held  concerning 
the  kind  of  relation  which  exists  between  the  terminal  branches 
of  an  axone  of  one  neurone  and  the  cell  bodies  and  dendrites 
of  other  neurones  with  which  they  are  connected ;  the  other  is 
the  much-talked-of  research  of  Ap4thy,  emanating  from  the 
Zoological  Station  at  Naples. 

Held's*  communication  is  one  of  very  great  importance,  rep- 
resenting, as  it  does,  the  most  careful  application  of  modem 
cytological  technique  to  the  study  of  the  nerve  cell  and  its  pro- 
cesses. His  findings  concerning  the  tigroid  and  the  ground 
substance  of  the  protoplasm,  brilliant  as  they  are,  do  not  con- 
cern us  here.  The  observations  of  Held,  however,  which  must 
here  be  taken  into  account  are  those  in  which  he  describes 
fusion  of  the  terminals  of  the  axone  (including  the  end  rami- 
fications of  the  collaterals)  of  one  neurone  with  the  protoplasm 
of  the  dendrites  and  cell  bodies  of  neurones  of  a  higher  order. 
Held  agrees  with  other  investigators  that  in  embryonic  tissues 
and  in  early  youth  the  neurones  are  entirely  independent  of 


♦  Held.  H^  Beitrage  zur  Structur  der  Nervenzellen  und  ihrer  Fortsfitze 
(zweite  Abhandlung)  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.,  1897, 
S.  204-294. 
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one  another  (except  for  an  occasional  dendritic  or  other  anasto- 
mosis). In  these  stagea,  which,  by  the  way,  correspond  to  those 
of  the  majority  of  Golgi  prep- 
arations, he  finds,  in  areas  espe- 
cially well  suited  for  the  study 
(e.  g.,  the  nucleus  of  the  trape- 
zoid body),  that  when  the  ter- 
minal of  an  axone  comes  into 
contact  relation  with  the  cell 
body  of  another  neurone  one 
can  always  make  out  where  the 
protoplasm  of  the  one  neurone 
ends  and  where  that  of  the  sec- 
ond begins,  inasmuch  as  the 
line  of  demarcation  is  more  re- 
fiactive  than  the  adjacent  pro- 
toplasm (Fig.  18).  Held  finds, 
however,  that  this  refractive 
limiting  line  is  not  demonstra- 
ble in  the  adult,  and  comes  to  the  conclusion  that  during  the 
process  of  growth  the  protoplasm  of  related  neurones  fuses. 
Indeed,  in  some  instances  there  is  evidence  that  the  termi- 


'III.  IS.— <>11  rn.m  iiHcli'L 
t™pczi)id?i  of  nfwlHirn  (3 
H.  Held.  An-h.  f.  Aiiat.  u.  inyHiiii.. 
An»t  AWh.  ( 1897).  Tar.  ill.  FIr.  2.) 
Fiutiun  with  vaii  (iiliuihh-ii'H 
mixtutp;  KbiinhiKwiih  irun-li»iiui- 
toxylin.  The  Ihtw  Axrnit  is 
IcmiiiutlnR  uihiii  the  ci-11  aui 
hihiliiifi  what  HcM  caUs  inn 
iKiirc  ri'Iati'iii.  The  sraaH  a.  ._ 
with  itHHxcjnc  hilhwk  Uarisine  fruiu 
the  ctll  iHjciy  shown  in  the  liguif. 


mn      Tin  tii.n  diti  linn  the  cell  In 
IS,  Bnj>nlui(!  t..  iltid  tcrtainly  an 
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nals  of  one  neurone  plunge  deep  into  the  cell  body  of  another 
neurone  and  even  come  into  close  pronimity  to  the  nucleus  of 
the  latter  (Fig.  19).  He  describes  the  relation  as  one  of 
"concrescence."  Held's  pictures  are  very  convincing,  and  one 
must  certainly  admit  that  his  work  proves  the  existence  of 
much  more  intimate  relations  among  the  neurones  than  the 
studies  made  with  Golgi's  method  had  led  ub  to  suspect  (Fig. 
20).  And  yet,  in  following  Held's  various  articles  closely,  one 
finds  that  this  histologist,  notwithstanding  the  disappearance 
of  the  refractive  line  of  demarcation,  is  able,  even  in  adult 
stages,  to  distinguish  the  protoplasm  which  belongs  to  the  termi- 
nal axone  or  collateral  of  the  one  neurone  from  the  protoplasm 
of  the  cell  body  or  dendrite  of  the  other.     By  a  lucky  hit  Held 


Capiaariii 


Dtndrttti  ()f  mitral  aUt. 
Fiii. 31. —OI»menilusrtl(artoriu8ft«madult  rabbit.  (AfU-r  H.  Held,  Aroh.  f.  Anat. 
u.  Pbyw..!..  Anut.  Al.th.,  l^ipz.,  IWff.  Taf.  is,  FIr.  13.)  (■hnime^Bmic  flx». 
tiiin  and  sraininR  1>v  .^Itniann'x  mctbiMl  with  acid  flichiiin  ;  Blight  diRbreatia- 
tion.  A  (lislliirl  diffcn-iU'C  van  Ik'  nrndt  nut  bettri'CU  t1i<-  nunibtT  uf  Deuro- 
siDii-sin  thi'  Ix'KiiiniiiKK  iir  the  dpndriti-Hnrthr  niitml  Lt'llKBnd  tlie  tenninala 
of  the  norvi  ..Ifii.lorii.    Tli.r  niiddlf  part  «f  tlic  Klomeniluu  baa  not  been 


seems  to  have  discovered  a  method  of  staining  certain  minute 
particles  (his  neurosomes)  in  the  ground  substance  of  the  pro- 
toplasm of  the  neurones — a  method  which  stains  them  intensely 
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Adverting  finally  to  the  investigations  of  Apathy,*  one  finds 
in  them  the  greatest  stumbling-block  to  those  who,  perhaps  on 
account  of  lack  of  familiarity  with  the  exact  principles  of  the 
neurone  doctrine  and  the  history  of  its  foundation,  are  inclined 
to  think  that  it  is  jeopardized.  A  skilled  technician,  well 
known  to  the  biological  world  as  the  author  of  a  treatise  on 
the  technique  of  animal  morphology,  and  generally  recognized 
as  a  most  careful  and  painstaking  worker  at  the  Naples  Marine 
Laboratory,  after  several  years  of  specially  directed  study,  dur- 
ing which  he  has  elaborated  an  entirely  new  mode  of  bringing 
certain  finer  structures  within  the  nerve  cells  into  view,  has 
finally,  in  a  long  article  of  more  than  two  hundred  pages,  pre- 
sented the  main  results  of  his  investigations  upon  the  nervous 
tissues  to  the  scientific  world.  While  Apdthy  has  studied  verte- 
brate tissues  to  a  limited  extent,  the  majority  of  his  observations 
have  been  made  upon  invertebrates,  especially  upon  the  leech 
and  the  earthworm.  His  technical  methods  need  not  be  en- 
tered into  here.  Suffice  it  to  say  that  for  the  most  part  his 
technique  is  original  with  himself,  consisting,  in  addition  to  a 
method  of  staining  with  methylene  blue,  of  a  haematin  method, 
and  an  especially  modified  gold-chloride  method  which  can  be 
applied  not  only  to  fresh  tissues  but  to  fixed  tissues  as  well. 
To  sum  up  his  views  in  a  nutshell.  Apathy  has  been  convinced  for 
some  twelve  years  that  the  nervous  system  is  composed  of  two 
varieties  of  cellular  elements  entirely  different  from  each  other 
— "  nerve  cells  "  and  "  ganglion  cells."  The  "  nerve  cells,"  the 
architecture  of  which  is  quite  in  accord  with  that  of  muscle  cells, 
give  rise,  he  thinks,  to  neuro-fibrils  (Fig.  23).  A  neuro-fibril 
in  turn  passes  out  of  a  process  of  a  "  nerve  cell "  and  then  goes 
through  a  number  of  "ganglion  cells,"  and  ultimately,  after 
leaving  the  last  "  ganglion  cell,"  with  which  it  is  connected, 
passes  more  or  less  directly  to  a  muscular  fibre  or  to  a  sen- 
sory cell.  The  neuro-fibrils  are  (as  conducting  substance)  for 
the  "  nerve  cell  "  what  the  muscle  fibrillaB  are  (as  contractile 
substance)  for  the  muscle  cells.  The  pathways  to  be  followed 
by  the  neuro-fibrils  are  predestined  from  the  earliest  embryonic 
stages,  for  they  correspond,  according  to  Apathy,  to  the  inter- 
cellular protoplasmic  bridges. 


*  Apathy,  S.  Das  Icitende  Element  ties  NerveiKsy stems  und  seine  topo- 
graphischen  Bcziehungen  zu  den  Zellcn.  Mittheil.  aus  dor  zool.  Station  zu 
Neapel.     Bd.  xii  (1897),  IL  4,  S.  495-748. 
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Each  neurofibril  is,  ApiUhy  states,  made  up  of  a  large  nam- 
ber — near  its  origin,  at  any  rate — of  "  elementary  fibrils,"  antl 
in  the  course  which  it  followa  elementary  fibrillK  are  being 
given  off  at  short  intervals,  until  finally  the  neuro-fibrll  itself 
may  be  reduced  to  a  single  elementary  fibril.  Apllthjr  ae 
was  uble  to  follow  the  paths  of  ningle  neuro- 
thom  grow  toward  the  centre  into  the 
.  (Fig.  24),  others  toward  the  periphery 
cells  (Fig.  35  and  Fig.  :Jfl),or  into  muscle 
blood  capillaries, 
cells  "  through  which  the  neuro-fibrila 
Apathy  is  correct,  supply  the  force 
which  is  to  bo  conducted  along  them, 
appear  to  be  complicated  in  structure. 
Thus  in  the  leech  the  body  of  the  cell  can  be  divided 
into  a  series  of  more  or  less  concentric  zones.  At  the 
periphery  are  two  zones,  an  outer  and  an  inner,  consist- 
ing of  neuroglia,  which  are  more  or  less  separated  from  the 


■arly  as  1885 
fibrils.  Some  of  ' 
"ganglion  cells 
into  the  sense 
(Fig.  37)  cells  or"^ 
The  "  ganglion 
pass,  and   which,   if 


field  of  tlie 


Fio.  24.— IjirKC  nluriiKilnr  eangliui 

■■'"'"-'■".lr.mii.r!liuihrii-i«.   [Ai _. 

ii,  1M*T.  H.  l.'nir.  xivii,  FIk.  T, )  A  priiiiitiri'  filjiil,  «|i/(¥).  »  _„ 
i)n  lu  viay  to  H  mntilicin  <i4l  hCL-iimJiiK  IhiTiiicr,  iiwiiiK  In  tlic  (.'nilauon  of  the 
Hidu  liliriU.  A  very  ciiniullrHtnl  intnccUulur  R'tivuluiu  of  niiini'fibTUB  ui  to 
iH-nuuli'iiutinchi-ri'rnialirmuf  wliidi  thi'  ]iriiuiUvc  tDirilmif  nil  Ihit  proccoHes 
\  tukc  ion.  U.  iiiii-IciiIiih:  t.  ruirli'iis.  a  kihI  S  uri'  iimvcMi'S  I'untaiuitig  uuii 
ririiiiitivcflliril  iiiiiifh.  "lii.-h  nrrvi-iL-  in  ilif.-rll  iHnlr  Hiilit  Up  inlu  suveral 
1v  rullowrd  fur  h  wry 
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8  6  r  rf  f  tin  ihird  HKhtpyo  of  the  leech  (AfUrV 
M^Iiiv  Milth  mwdprwml  HI  zu  ^l»pet  Bd  iii  1H9T 
V  *  J"*^"""  P'S  •»)  Thcn.Ution..ftl.«  nufleBB, 
1:  b)  the[dixugur  ncuro-AhriU  inhlII  ahimn        ii,a  d 

^H'."";*  anastomoHeBviMibk  Mw«i.  tliewllrandd  p/ "conducting" 
primitive  fibnl  n«  cunduUiug  ani»l<  mo«*  ?«.  radially  rtriped  z5.., 
oflbLwlr,.UKof  th.  reti.mlcill«  A«icl™rz..m  f  the  Vilnius  ufthe  ret- 
inal eellu    (J ij(  pigment    rA  prqjittiug  lull  kIi  orsumat«plasin. 


10  28— ^suh.pidpTTiml.itn'iiccll  n-tii  al  cill  rroin  p-<mln-bmnrhelli..ii.  (After 
S  Apiithv  ^fitth  nilHdirzMil  St  ziiNi'uihI  Dil  xii  1H97  U  't.'Dif.  xiii,  Fig. 
0  )  a  %itn-ouH  b  epIlnucieilH  r  cell btidy , n-  thclimitniglinpiirthi-dianM^ 
tor  iif  thr  \  ttivniM  ar  tht  Mitt  r  entibmi'  iW  of  tin.  jirnphi-iy  of  thi-  ganuto- 
pliiHin  immed  Intel V  aitiiin-nt  to  thr  vitTFonn  inN  pnilahly  thin  glia  mcnihroiif 
whii  h  acvonipinii-H  thi  <  iindueting  primiti\t  flbril  Ipt  uutHidp  the  perifi- 
hrilliirniAntlFaHfHrnsthi  cill  Thi  pintthnllarmaDtlcliiliwtattheivtlHur- 
fui  thli  ihninwtK  iimhihin  alp  litn-ous  iflhi  ntinalicU;  n^n.  mdinlly 
stripi-drnunfthi  litniHii  h-,  il<-ar»in<  oflht^itntus  i(-|>.  internal  body 
Klunatkorptr)  oftbi  Mtreoua    kso  granular  mm  of  thi  Mireciiu. 
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cell  body  proper  by  the  so-called  outer  alveolar  zone.  The 
periphery  of  the  cell  proper  consists  of  an  outer  chromatic 
zone,  inside  which  is  an  "  inner  alveolar  zone."     Inside   this 


Fi(J.  27. — The  distribution  of  the  neiiro-fibrils  in  the  ein'ul.ar  musele  fibre  of  the 
intestinal  wall  of  pontolKlella.  (After  S.  Apathy,  Mitth.  aus  der  z<k)1.  St.  zu 
Ncjipel,  rW.  xii,  1897,  H.  4,  Taf.  xxxii,  Fip.  3. )  Only  a  relatively  short  piece  of 
the  long.  band-shaiH'd  flattened-out  niusele  tibn*  is  n^presentt'd.  The  branch- 
ing of  the  entering  neuro-fibril  can  be  followed  through  the  whtde  thickness 
of  the  fibre,  p/,  "condueting"  primitive  fibril;  m,  muscle  fibni ;  w.  place 
where  "conducting  "  primitive  fibril  turns  and  api>ears  to  end. 

again  is  an  inner  chromatic  zone,  which  in  turn  is  separated 
from  the  nucleus  by  the  so-called  perinuclear  zone.  In  the 
latter  is  situated  a  small  centrosomelike  body.  Inside  the 
ganglion  cells  a  reticulum  of  fine  fibrils  derived  from  the  neuro- 
fibrils in  transit  can  be  stained  a  beautiful  deep  violet  color  by 
Apdthy's  chloride-of-gold  method. 

According  to  the  size  of  the  cells  and  to  the  arrangement 
of  the  neural  reticulum  inside,  Apathy  distinguishes  in  the 
leech  two  main  types:  (1)  the  large  ganglion  cell,  and  (2)  the 
small  ganglion  cell.  It  is  to  be  borne  in  mind  that  the  gan- 
glion cells  in  this  animal  are  unipolar,  the  so-called  "  stem  pro- 
cesses "  giving  off  near  the  cell  body  a  number  of  processes 
which  appear  to  be  comparable  to  the  dendrites  of  higher 
forms,  the  main  continuation  of  the  process  representing  prob- 
ably the  axone. 

In  the  large  type  of  ganglion  cell  (his  Type  G)  the  relations 
are  described  by  Apathy  somewhat  as  follows  :  The  neuro- 
fibrils arriving  by  way  of  tlie  pyriform  process  of  the  cells  enter 
the  protoplasm,  breaking  up  into  elementary  fibrils  which 
diverge  meridionally  to  ramify  in  the  external  chromatic  zone. 
(The  cells  of  this  type  possess  no  distinct  internal  chromatic 
zone.)  Free  anastomosis  among  the  elementary  fibrils  inside 
the  ganglion  cell  appears  to  be  the  rule.    Having  arrived  at  the 
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side  of  the  cell  most  distant  from  the  stem  process  the  neuro-  . 
fibrils  turn  about  and  again  plunge  through  the  cell,  converging 
to  pass  out  of  it  by  way  of  the  pyriform  process,  which  is  thus 
seen  to  carry  two  sets  of  neuro-fibrillae,  which  Ap&thy  believes 
serve  in  the  one  case  for  cellulipetal  and  in  the  other  for  cel- 
lulifugal  conduction  (Fig.  28). 

In  the  small  type  of  ganglion  cell  (his  Type  K)  the  rela- 
tions, it  would  appear,  are  somewhat  different.  Here  the  pyri- 
form stem  process  contains  a  single  thick  neuro-fibril  in  its  cen- 
tre, which  Apathy  assumes  to  be  cellulifugal  and  motor,  and  a 
number  of  finer  neuro-fibrils  peripherally  placed,  which  he  be- 
lieves to  be  cellulipetal  and  sensory.  He  describes  the  finer 
peripheral  neuro-fibrils  as  follows :  They  are  seen  to  enter  the 
cell  body  and,  passing  out  to  the  peripheral  part  of  its  proto- 
plasm, there  to  break  up  into  a  complicated  plexus  composed 
of  anastomosing  elementary  fibrils  in  the  outer  chromatic  zone. 
From  this  peripheral  plexus  there  pass  through  the  **  inner 
alveolar  "  zone  radial  branches  to  the  internal  chromatic  zone, 
in  which  is  to  be  seen  another  fine  plexus  of  elementary  fibrils 
which,  anastomosing  and  converging,  finally  form  the  single 
strong  motor  neuro-fibril,  which  passes  out  of  the  cell  through 
the  very  centre  of  its  pyriform  process  (Fig.  29), 

In  other  animals  studied  by  Apathy  there  are  cells  with 
definite  dendrites  entirely  separate  from  the  axone  and,  in  these 
the  cellulipetal  neuro-fibrils  enter  by  way  of  the  dendrites, 
ramify  and  anastomose  freely  inside  the  cell  body,  and  then, 
reuniting,  take  their  exit  from  the  cell  by  way  of  the  axone. 
Similar  relations  exist  in  the  ganglion  cells  of  the  vertebrates 
which  he  has  studied  thus  far.  His  descriptions  of  the  neu- 
roglia and  the  relations  of  the  glia  cells  to  the  nerve  cells, 
interesting  as  they  are,  need  not  now  detain  us,  since  they 
have  but  little  bearing,  if  any,  upon  the  topic  under  discus- 
sion. 

As  to  the  relations  of  the  neuro-fibrils  to  sensory  surfaces 
on  the  one  hand  and  muscular  tissue  on  the  other,  Apiithy 
makes  very  definite  statements,  especially  in  the  last  chapter  of 
his  article.  A  neuro-fibril  entering  the  cytoplasm  of  an  epithelial 
cell  of  a  sensory  surface  in  the  leech  breaks  up  (very  much 
as  in  a  ganglion  cell)  into  a  fine  reticulum  compose<l  of  the 
elementary  fibrils.  A  large  number  of  the  constituent  fibrils, 
however,  perhaps  the  majority,  leave  the  cell  in  order  to  take 
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part  in  the  formation  of  a  complicated  interepithelial  fibril 
plexus.  For  the  interesting  details  concerning  the  innervation 
of  the  superficial  epithelial,  cells  and  the  Bubepidermal  sense 
cells  the  original  article  should  be  consulted.  In  the  muscular 
tissue,  however,  a  very  different  distribution  of  the  neuro- 
fibrils ie  encountered.  A  neuro-fibril  here  also  breaks  up  into 
elementary  fibrils  which  ramify  inside  the  muscle  cell.  But 
although  many  of  the  fibrils  emerge  from  it,  instead  of  forming 
a  complicated  reticulum  among  the  muscle  cells  they  pass  on 


Fill,  2».— Thni'  pcnr-shapcfl  f»iiBlioii  iiIIh  of  T>-|>i'  A',  in  luiiKitudinal  section 
frum  till'  Ui-cfi.  ( AfkT  S.  Ajxithj'.  Mitth.  Htix  <li>r  zmiI,  St.  zu  Ncuurl.  Bd.  xii. 
18»T.  H.  4.  Taf.  ixviii.  Fig.  7.)  Thi- int*-nuil  or  ptriducltar  pIciiiH  of  ucnn^ 
SbriU  in  wi'll  Bh<iwn.  BHHn.' hIsii  the  nuliul  flbrcM.  The  periiihcnil  plexus  is 
iiiillcntiil.  af,  aiig  flliriU  whk-b  Alnithy  tsko'  ti>  he  niirttir ;  ag.  cxtf  msl  fn- 
tiwi'lluliiriiltxiimjf  iipuni-flhrils:  iig,  iutitnul  pcriiiuolturpU-xiis  iif  iifuni- 
flbrits :  rf(if.  (■.■lluliriiKally  " cniiiluitliiK  '■  priniitivu  fibril ;  cppf.  re1lulip,-laU,v 
"cmicluftiiiK"  iinmitive  flbfti ;  t.  nueluiw  of  the  RHnKliuu  wll ;  r/,  niiliul 
flbrili'  cniin(.i:lliiK  tbi'  I'lti'mal  plexus  witli  tbr  intcninl  plexiw  iif  iii'Uni- 
fibrils ;  s(.  HU-m  i>rovcHHcx  uf  |H'ar-shapiil  KHiiglioii  ivlls. 

to  enter  and  innervate  other  muscle  cells.  The  neuro-fibril  of 
a  single  axonc  would,  therefore,  through  its  elementary  fibrils 
innervate  perhaps  a  considerable  number  of  muscle  cells,  tine 
nerve  cell  may,  Apjithy  states,  be  put  into  continuous  relation, 
by  means  of  one  or  more  primitive  fibrils,  with  several  ganglion 
cells,  and  one  fibril  can  be  connected  with  a  number  of  sense 
cells.     But  while  one  "  ganglion  cell "  may  be  connected  with 
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several  "  nerve  cells,"  a  given  sense  cell  is  never  connected  with 
more  than  one  nerve  cell. 

From  what  has  been  said,  and  from  a  study  of  the  accom- 
panying illustrations,  especially  of  Fig.  30,  the  main  tenets  of 
Apathy  may  be  gathered.  And  we  must  now  ask  whether, 
granting  all  his  findings,  and  even  his  theories,  to  be  in  accord 
with  the  facts,  the  neurone  doctrine  would  be  nullified  by 
them.  Although  the  opinion  has  been  expressed  that  it  would 
have  to  be  entirely  given  up,  or  very  seriously  modified,  I  must 
confess  that  such  a  view  of  the  matter  would  seem  to  be,  to 
say  the  least,  premature.  That  the  neurone  conception,  as  it 
has  been  held  by  many,  w^ould  have  to  be  materially  altered, 
there  can  be  but  little  doubt,  but  many  views  of  the  neurone 
conception  and  what  Waldeyer  actually  defined  it  to  be  are  by 
no  means  identical.  Nor  can  it  be  admitted,  as  a  number  of 
authorities,  including  apparently  Apathy  himself,  appear  to  as- 
sume, that  in  the  research  emanating  from  the  Naples  labora- 
tory we  have  a  confirmation  of  the  doctrines  of  Gerlach,  in- 
asmuch as  Gerlach's  diffuse  nerve  network  and  its  relation 
to  axis-cylinder  processes  and  dendrites  involved  conceptions 
somewhat  different  from  those  which  Apathy  takes  the  respon- 
sibility of  fathering.  Apiithy's  Elementargitter,  however,  stands 
very  close  to  the  conception  of  Gerlach. 

It  would  seem,  then,  that  were  Apathy's  observations  and 
theories  in  accord  with  the  facts,  the  neurone  doctrine,  as  con- 
ceived by  Waldeyer,  would  not  have  to  be  seriously  modified, 
much  less  abandoned.  Some  of  the  apparent  novelty  of  his  re- 
sults depends  upon  the  fact  that,  in  the  first  place,  he  is  dealing 
in  the  main  Avith  tissues  which  are  not  very  familiar  to  many 

Fig.  3(>. — Sclu'iimtic  n'prcsc'.ntiiticm  t)f  the  <;ours<»  and  t'onm'ctioiis  of  the  conduct- 
ing iKiths  in  H  transverse  scM^tion  of  the  Moniite  <»f  tlie  hi'eh.  ( After  S.  Apathy, 
Mitth.  aus  tier  zool.  St.  zn  Neaix'l,  I5<1.  xii,  H.  4, 1897,  Taf.  xxxii,  Fig.  6. )  The 
two  halves  f>f  the  ^^anglion  are  sliown  with  the  motor  ^nglion  cells,  mg^  and 
the  sensory  or  simple  c<»nn<*<*tinn  ^jranglifm  <'ellp,  gsi.  Thn^e  kinds  of  nerve 
s])in(lles  or  nerve  fihn-s  an*  shown.  The  lu'havior  of  the,se  inside  the  centre, 
tlK'ir  distribution  in  the  eentnil  tihre  mass,  and  their  conneetious  with  the 
ganglion  eells,  are  illustrated.  Further,  th<'  behavior  of  these  at  the 
lK'riph<'ry  is  pietun-d  :  mus<*l<;  fibres  and  epidennal  and  sul>epidemial  senae 
cells,  fn'e  end  bninchings  in  tin*  <*pid<'nnis, /r^*.  At  the  point  marked  «  * 
Mcttl  is  indieat<'<i  a  pla<'e  when*  a  si-nsory  tube  bends  around  in  a  longi- 
tudinal direction  into  the  c<*ntral  fibn*  nmsn.  The  place  shq  indicates  where 
a  s«'nsory  bundb'  turns  in  a  longitudinal  direction  in  the  central  fibre  mass. 
"Conducing''  bridges  In^tween  the  muscle  fibres  an*  shown  at  nbr.  an, 
**c(>ndu<*ting"  an]istom(ns<>s  ;  nt,  cuticula ;  ep,  epithelium  ;  (iz,  ganglion  cell ; 
mf,  musile  fibrils;  mnx,  m<itor-nerv<*  R]>indle ;  mpf,  motor  primitive  fibrils; 
ttiz,  epithelial  sens*;  c<;ll  ;  sc,  subcuticular  layer  of  epidermis;  «6,  sensory 
bundh;  (oner  kind  of  wn.sory-nerve  fibn* ) ;  mm  mcJiI.  sensory  tube  (the  other  sort 
of  nerve  fibre) ;  zku,  nucleus  of  a  "  nerve  cell ''  (not  of  a  "ganglion  cell  **). 
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neurologists,  namely,  the  nerve  cells  and  fibres  of  invertebrate 
animals,  and  in  the  second  place  his  publications  thus  far  con- 
sist principally  of  an  objective  description  of  his  own  findings 
with  particular  methods  devised  by  himself,  and  pay  but  little 
attention  to  the  work  of  other  investigators,  so  that  the  casual 
reader  may,  from  lack  of  adequate  comparative  data,  fail  to 
distinguish  between  actually  new  discoveries  and  descriptions 
which  may  without  unfairness  be  found  to  coincide  in  many 
respects  with  those  of  other  students  working  with  different 
methods.  I  feel  convinced  that  when  Apathy  fulfills  bis 
promise  of  supplying  us  with  a  still  more  lengthy  commu- 
nication in  which  the  results  of  other  investigators  are  to  be 
compared  with  his  own  and  properly  valued,  those  who  have 
been  inclined  to  look  upon  all  his  observations  as  entirely 
unique  will  be  disabused  of  their  error.  That  many  of  his 
observations  are  entirely  new  must  be  frankly  and  thankfully 
admitted ;  that  the  technique  he  has  introduced  is  altogether 
original,  and  evidently  highly  valuable  and  well  worthy  of  ex- 
tensive application  and  w^idespread  control,  must  be  freely 
granted.*  All  that  I  wish  to  say,  and  that  without  any  desire 
to  detract  from  the  merit  of  his  laborious  researches,  is  that  an 
attentive  analysis  of  the  actual  findings  of  Apathy  shows  that 
there  is  far  less  absolutely  novel  and  revolutionary  in  them  than 
many  seem  to  imagine.  For,  when  one  thinks  of  it,  the  form  of 
the  cells  in  invertebrates  has  long  been  known,  the  unipolarity  of 
the  elements  has  been  generally  figured  and  described,  the  fact 
that  the  pyriform  process  corresponds  to  both  axis^ylinder 
process  and  dendrites  is  stated  in  the  text-books,  the  irregu- 
larity in  the  distribution  of  the  "  chromatic  substance  "  in  the 
cells  is  easy  to  make  out  in  Xissl  preparations ;  the  existence  of 
the  so-called  intercellular  bridges,  if  not  for  the  cells  in  the 


*  The  remarks  here  made  are  not  intended  to  be  a  criticism  of  the  very 
important  contribution  of  Apathy,  but  rather  to  counteract  an  impression 
which  seems  to  be  gaining  ground  that  the  whole  or  at  least  a  large  part  of 
our  previous  ideas  concerning  the  architecture  of  the  nervous  system  have 
been  subverted  by  the  results  of  his  studies.  Are  we  not  more  just  and  at 
the  same  time  kinder  t()  Apathy  if  we  simply  accept  gratefully  and  for  what 
they  are  worth  the  wealth  of  new  facts  with  which  he  has  provided  us,  than 
we  should  be  were  we  to  give  currency  to  the  impression  that  they  are  en- 
tirely revolutionary  and  out  of  accord  with  the  great  principles  which  com- 
petent neurologists  believe  to  be  incontrovertibly  established! 
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nerrous  syatem,  at  least  for  many  of  the  celle  of  the  hody.  is 
taught  and  demonstrated  in  every  histological  laboratory,  and 
the  tibrils  in  the  processes  and  the  reticula  in  the  cell  hody 
have  been  the  object  of  study  and  the  topic  of  discussion,  too 
often  of  bitter  polemic,  for  at  least  two  generations.  The  very 
neuro-flbrils  upon  which  Apathy  bases  his  doctrine  were  first 
well  seen,  as  the  author  himself  states,  by  Kupffer  in  the 
tissues  of  vertebrates. 

The  essential  novelties  in  Api'ithy's  contributions,  in  addi- 
tion to  his  modifications  of  technique  and  his  wonderful  de- 
scriptions of  the  details  of  the  fibrillary  appearances  inside  the  ' 
protoplasm  of  cells  stained  by  his  methods,  which  are  undoubt- 
edly of  great  value,  are  his  deductions  and  hypotheses,  of  which 
all,  in  my  opinion,  may  he  permitted,  at  least  for  the  present,  to 
be  judiciously  skeptical.  How  does  he  know,  for  example,  that 
the  structures  which  stain  violet  by  his  gold  method  actually 
represent  the  conducting  element  in  the  iiervouH  syatem  ?  It 
may  be  true,  but  the  Scotch  verdict  "  Not  proven  "  is  here 
most  applicable.  Again,  on  what  grounds  does  he  separate  the 
"  nerve  cell  "  so  sharply  as  a  different  entity  from  the  "  gan- 
glion cell "  and  how  does  he  know  that  the  "  nerve  cells  "  build 
the  conducting  element,  and  that  the  "  ganglion  cells  "  supply 
the  force  to  be  conducted?  These  may  be  the  functions  of 
these  two  sots  of  elements,  but  we  must  not  neglect  to  poiiit 
out  that  the  evidence  is  not  yet  convincing. 

As  yet  it  is  altogether  too  early  to  pass  judgment  upon 
Apathy's  views ;  much  work  must  be  done  by  his  methods  by 
other  observers  before  the  exact  value  of  his  findings  can  be 
properly  estimated  ;  but  were  all  his  statements  true,  is  there 
any  reason  to  doubt  that  neurones  will  continue  to  degenerate 
as  units,  as  heretofore ;  that  the  nervous  systems  of  our  children 
will  continue  to  be  built  up  during  development  of  repeatedly 
dividing  neuroblasts  in  the  way  with  which  we  are  familiar,  or 
that  Golgi's  method  in  the  thirtieth  century  will  have  lost  its 
power  of  demonstrating  here  and  there  a  particular  nerve  unit 
or  neurone  in  its  entirety  ?  Again,  would  the  confirmation  of 
the  existence  of  continuous  fibrils  or  fibril  systems  passing 
through  a  whole  series  of  nerve  elements  necessarily  militate 
against  a  unitary  conception  ?  I  must  say  that  I  can  see  no  rea- 
son why  it  should.  Waldeyer,  in  his  article  in  1891,  after  dis- 
cussing the  probable  modes  of  conduction  by  means  of  the  neu- 
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rones,  added,  it  would  seem  almost  with  prophetic  insight,  the 
following  sjtatement :  "  If  we  assume  with  Golgi  and  B.  Haller 
the  existence  of  nerve  networks,  the  conception  is  somewhat 
modified,  but  we  can  still  retain  the  nerve  units.  The  limits  be- 
tween two  nerve  units  would  then  always  lie  in  a  nerve  network 
and  not,  anatomically  at  least,  be  exactly  definable  with  our  pres- 
ent methods."  We  do  not  regard  the  connective  tissues  as  any 
the  less  cellular  because  they  build  white  fibres,  yellow  elastic 
fibres  and  membranes,  and  reticulum ;  we  do  not  look  upon  the 
studies  of  Weigert  and  Mallory,  which  deal  with  neuroglia 
fibrils  and  their  relation  to  the  neuroglia  cells,  as  subversive  of 
the  doctrine  that  neuroglia  cells  exist;  nor  do  we,  because 
Kromayer  and  others  have  demonstrated,  by  particular  methods, 
fibres  running  through  the  bodies  of  a  number  of  epithelial 
cells,  cry  out  that  the  cell  doctrine  must  be  given  up.  One 
might  just  as  well  assert  that  there  are  no  organs  in  the  body 
because  there  is  a  general  vascular  system.  There  may  be  units 
smaller  than  cells,  and  in  all  probability  there  are ;  there  may 
be,  and  probably  are,  in  the  nervous  system  units  other  than 
those  generally  described,  and  it  is  important  that  we  should 
find  out  all  that  there  is  to  learn  about  them ;  but  that  the 
human  body  is  made  up  largely  of  a  mass  of  cells,  and  that  the 
human  nervous  system  is  made  up  largely  of  great  numbers  of 
cell  units,  the  so-called  neurones,  would  seem  to  be  faets  too 
firmly  established  ever  to  be  utterly  overthrown. 

Note. — In  speaking  of  the  nerve  cells  (or  neurones)  as  individuals,  it  is 
not  to  be  forgotten  tliat  in  the  animal  and  vegetable  kingdoms  we  have  to 
deal  with  individuals  of  different  ordei*s.  Whereas  some  individuals  con- 
sist of  single  cells  and  live  as  independent  organisms,  other  individuals  are 
united  with  one  another  to  form  a  more  complex  creature,  an  individual  of  a 
higher  order,  as,  for  example,  a  multicellular  animal  or  plant.  Every  indi- 
vidual possesses  certain  morphological  and  physiological  characteristics  and 
forms  an  elementary  unit  endowed  with  fundamental  properties  of  life,  pos- 
sessing the  power  of  assimilating  focnl,  of  excreting  waste  substances,  of 
increasing  in  size,  of  reproducing  its  kind,  and  of  reacting  in  some  way  or 
another  to  stimuli  which  affect  it  from  without. 

An  amoeba,  on  the  one  hand,  represents  a  unicellular  organism,  an  inde- 
pendent vital  unit,  l)ut  an  individuality  of  a  very  low  grade.  A  multicellu- 
lar animal  is,  on  the  other  hand,  a  unit  of  a  much  higher  grade,  consisting 
as  it  does  of  a  mass  of  amocbalikc  units,  each  of  the  latter  possessing  the 
fundamental  properties  of  life,  but  each  being  somewhat  less  independent 
than  a  unicellular  organism.  The  cells  in  such  a  complex  cell  state  are 
none  the  less  units  Ix^causc  they  are  to  a  degree  subordinated.    Such  units 
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may,  however,  become  incapable  of  existence  iii(le|iendent  of  their  fellows. 
A  inulliuellular  individual  (person)  like  a  human  being  consists  of  mi  ag- 
gregate of  billions  of  vwlU  so  inliiuat«ly  counecled  with  and  related  to  one 
another  that  the  combined  activities  uf  the  individual  t-clls  ^ive  the  idea  of 
unit]*,  but  each  cell  neverthnlvss  continues  to  have  a  life  hi-Hory  of  ils  own. 
In  such  a  democracy,  as  it  were,  it  is  not  surprising  that  there  nhould  be 
morphological  differentiation  corresponding  to  tlie  physiological  division  of 
labor  neceiisary  tor  the  welfare  of  the  whole.  The  specialiutlon  of  activi- 
ties renders  each  cell  less  independent  thaci  a  ixll  of  a  single  organism,  but 
dues  not  rob  it  entirely  of  its  cfaanicter  as  an  individual.  For  a  discuraion 
of  the  question  of  "individualities"  in  Nature  the  reader  is  n'ferred  Ui  the 
writings  of  Huilej,  NSgeli.  Haeckel,  Spencer,  and  esiiecially  to  O.  Ilertwig's 
Allgenieine  Anatomic  und  Physiologie  der  Uewebe,  Jena,  IS9S. 


SECTION    FT. 
THE  EXTERNAL  MORPHOUKiY  OF  NEURONES. 


CHAPTER   VII. 


THE   EXTERNAL   FORM    OF  THE   CELL  BODY   AND    OP   THE 

DENDRITES. 

Neurones  as  <;ells— External  morphology  of  neurones — The  shape  and  siie 
of  the  cell  bodies — The  protoplasmic  pnKjesM.'s  or  dendrit4^8 — Varicosities 
of  the  dendrites — The  relation  of  the  dendrites  to  the  cell  body — Aden- 
dritic  neurones — Ijateral  buds  or  gemmules. 

It  is  necessary  to  examine  a  little  more  closely  into  the  mor- 
phological characteristics  of  the  individual  neurones.  Neu- 
rones are  in  reality  nothing  more  nor  less  than  cells.  They  are 
curiously  modified  in  structure  and  elahorately  differentiated 
in  function,  hut  are  none  the  less  genuine  cells  of  the  animal 
body.  It  must  he  distinctly  understood,  however,  that  the 
nerve  (;ell  includes  not  only  the  cell  body  (perikaryon  of  Foster 
and  Sherrington)  *  and  its  protoplasmic  processes,  although 
these  together  make  up  the  nerve  cell  of  many  of  the  text- 
books, but  also  the  axis-c»ylinder  process  with  all  its  subdivisions, 
collaterals,  and  terminal  ramifications.  A(»cording  to  our  mod- 
ern definition,  each  and  every  portion  of  a  neurone  represents 
an  integral  part  of  a  single  body  cell.f.  As  will  be  emphasized 
later,  this  view  b(»comes  of  espec^ial  significance  in  the  considera- 
tion of  neurones  in  their  physiologi(*al  and  pathological  re- 
lations. 

Neurones  being  cells  of  the  body  just  as  are  liver  cells  or 
muscle    cells,   we   sliould,  notwithstanding    their    remarkable 


*  A  Tcxt-B<>f>k  of  Physiology,  by  M.  Fost<T.  assist od  i)y  C.  8.  Sherring- 
ton, 7th  cd..  Part  III.  The  Central  Nervous  Sy?st<'m,  Lond.,  1897,  pp.  915- 
1252,  8vo. 

f  The  view  exproswrl  here  seems  to  me  to  be  logical.    Some  writers,  I 
think,  rather  too  sharply  separHte  the  axis-cylinder  process  as  an  eutitr 
apart  from  the  n'st  of  the  nerve  cell. 
GC 
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morphological  differentiation  corresponding  to  the  high  physio- 
logic;il  functionH  for  which  they  are  destined,  expect  them  to 
poi^sesB  certain  general  chanicteriHtiug  common  to  all  living 
colls.  And  in  this  cxpectjition  we  are  not  dieuppointed.  A 
nerve  cell,  like  all  others,  possesseB  protoplasm  and  nucleus,  the 
morphological  characteristics  of  which,  so  far  as  they  can  at 
present  be  unraveled  with  the  highest  powers  of  the  microscope, 
would  scarcely  eeem  to  differ  guffieieiitly  from  those  of  the  ele- 
ments of  less  noble  tissues  to  account  for  their  greater  dignity 
of  function.*  It  may  be  that,  although  the  microscope  or  the 
human  eye  will  never  be  able  to  distinguish  such  morphological 
differences,  chemical  methods  may  enable  us  to  arrive  at  much 
more  satisfactory  results.  Despite  this  fact,  however,  thanks 
to  some  recent  delicate  histological  methods,  we  are  now  in  a 
position  to  make  certain  definite  statements  concerning  the  ex- 
ternal and  internal  structure  of  different  kinds  of  nerve  cells. 

In  discussing  the  structure  of  the  neurones,  it  will  be  con- 
venient to  speak  first  of  the  external  morphological  relations, 
best  revealed  by  the  methods  of  Golgi  and  Ehrlich,  and  second- 
ly of  the  internal  architecture  of  the  neurone,  our  knowledge 
of  which  has  been  much  increased  since  the  introduction  of  the 
newer  cytological  technique,  and  especially  from  the  application 
of  the  methods  of  Nissl,  Held,  and  Apathy.  I  have  already 
spoken  of  the  remarkable  uniformity  in  type  of  the  nerve  cells 
in  the  most  diverse  parts  of  the  central  nervous  system,  and  by 
my  endeavors  to  emphasize  this  uniformity  for  the  purpose  at 
that  moment  in  view  some  perhaps  have  been  led  to  infer  that 
the  neurones  are  everywhere  so  similar  as  to  be  practically  indis- 
tinguishable from  one  another.  This  is  by  no  means  the  case ; 
indeed,  the  method  of  Golgi  has  revealed  a  wealth  of  morpho- 
logical peculiarities  of  which  we  were  formerly  able  to  obtain 

•  It  may  be  that  with  a  wider  view  the  differences  in  "  dignity  "  ot  tiie 
different  tells  of  the  body  would  become  rainiraal ;  but  it  is  hard  for  human 
beingfs,  so  near  their  own  cells,  to  conceive  of  the  superficial  epithelial  eells 
of  the  skin  shed  in  1ar(;e  {lumbers  daily  in  the  wear  and  tear  of  life  as  being 
of  aa  high  a  grade  ns  the  cells  which  construct  a  poem,  or  the  perm  cells, 
notwilhstandinji  the  tact  that  embryology  teaches  (I )  that  the  nerve  cells 
are  derived  from  the  same  germ  layer  that  gives  rise  to  the  epidermis,  aiid 
(2)  that  in  all  probability  every  cell  of  the  body  ha*  within  it,  though  latent, 
Bubstarcea  endowed  with  the  properties  and  polenlial  energy  which  under 
suitable  conditions  would  make  it  capable  of  developing  into  a  complete 
human  being. 
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no  adequate  i-onccptioii.  The  method  of  Nissl  too  has  revealed 
differences  of  intertiul  structure  of  different  cell  gjoups  whicli 
are  equal  in  importance  for  purposes  of  classification  to  the  ex- 
tcrDftl  form  relations  diw-^overed  with  (iulgi's  ataiti.  Of  the«e  a 
description  is  given  further  on. 

There  are  many  neurones  which,  from  the  appearance  uf  a 
single  example  stained  black  with  silver,  permit  hd  abaolate  de- 
cision as  to  their  source.  Thus  we  arc  able  at  once  to  recog- 
nize the  cells  of  the  sensory  ganglia  (Fig.  SI),  the  cells  of  Pur- 
kinjo  in  the  cerebellum  (Fig.  S8),  the  pyramidal  celle  of  the 
cerebral  cortex  (Fig.  S7),  uttd  certain  of  the  cella  of  the  hippo- 
campus. The  shape  and  size  of  the  cell  body,  the  number,  siw, 
and  mode  of  branching  of  the  protoplasmic  and  axio-cylimler 
processes,  the  relations  of  these  to  the  cell  body  itnd  to  one 
another  are  some  of  the  criteria  which  serve  to  guide  one  in 
making  a  distinction.  A  laudable  beginning  has  been  nutde  to 
determine  by  the  exact  methods  of  reconstruction  from  serial 


.,  |HTi|>h>'ni1  n.Tvi'.     lAflir  viiii  (h-hiichtvu.) 

sections  the  precise  Gxternal  morphology  of  the  nerve  cells. 
Wo  refer  to  the  lieautiful  models  of  the  rcconatructod  nerve 
coll  exhibited  by  (J,  Mann  at  the  sixty-sixth  meeting  of  the 
British  Association  for  the  Advancement  of  Scrience  at  Ijiver- 
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pool  in  1806,  and  at  the  meeting  of  the  AiiHtoinische  Oesell- 
Bchaft,  in  Kiel  in  1H!I8. 

The  bodies  of  the  nerve  opIIb  vary  mnoh  in  size,  measuring 
from  four  to  a  hundred  uud  thirty-five  microiiH  and  more  in 


-Miitorrrll  nrvpntinl  horn  of  Hpinalii.! 

I'l-ntinit'tnt.  limtE.     (Hi-thiKl  uf  GoUh 


diameter.  Among  the  very  small  ones  are  the  granules  of  the 
olfactory  bulb  and  the  small  cells  of  the  cerebellum,  whereas 
the  relatively  huge  protoplasmic  masses,  such  as  the  larger  cells 
of  the  ventral  horns  of  the  gray  matter  of  the  spinal  cord  and 
the  spinal  ganglia,  or  the  cells  of  Purkinje  in  the  cerebelliun. 
are  visible  even  to  the  naked  eye.  Starting  originally  as  spheri- 
cal germinal  cells,  the  cell  bodies,  partly  owing  to  the  mode  of 
origin  of  their  processca,  partly  for  reasons  at  present  not  clear, 
later  asaume,  in  different  regions,  very  different  shapes.  The 
spherical  spinal  ganglion  cell,  the  flask-shaped  Purkinje  cell, 
the  multipolar  ganglion  cell  of  the  ventral  horns  of  the  spinal 
cord  (Fig.  32),  the  pyramidal  cell  in  the  cerebral  cortex  (Fig. 
33),  the  spindle-shaped  cell  of  certain  regions  are  well-known 
and  characteristic  types. 


70 


THE  NERVOUS  SYSTEM. 


Of  the  two  main  varieties  of  processes  which  come  oflf  from 
the  cell  body,  the  protoplasmic  and  the  axis-cylinder  processes, 

the  former,  as  might  be  inferred 
from  their  name,  resemble  more 
closely  in  appearance  the  cell 
body  itself.  These  protoplasmic 
processes  or,  as  they  have  been 
better  named  by  His,  dendrites 
(Deyidriten)^  after  their  manner 
of  branching,  represent,  as  a  rule, 
rather  coarse  projections  of  the 
protoplasm,  which  run  out  often 
in  several  directions  from  the 
general  mass  of  protoplasm  of 
the  cell  body. 

Broad  and  thick,  usually,  at 
their  origin,  they  grow  gradually 
more  narrow  as  they  divide  in  a 
dendritic  or  antlerlike  fashion, 
until  the  iinal  subdivisions  of  a 
single  dendrite  may  be  distrib- 
uted at  a  distance  from  the  cell 
over  a  territory  of  no  inconsider- 
able extent.  All  the  subdivisions 
of  a  single  dendrite  finally  run 
out  to  end  free,  never,  so  far  as 
-'  our  present  knowledge  goes  (with 
the  exception  of  a  few  rare  in- 
stances), anastomosing  with  one 
another,  nor  becoming  united  in 
any  way  other  than  by  simple 
contact  (Ramon  y  Gajal),  by 
concrescence  (Held),  or  by  cell 
bridges  and  minute  fibrillae  ( Ap&- 
tby),  with  the  processes  of  other 
neurones.*  The  individual  den- 
dritfH,  not  only  of  different  cells, 
Fio.  33.— p>'ramidiii  wii  «>f  <ujn»*rai    Viui  also  of  the  samc  cclL  mav 

cort4'X  of  inoust'.     ( Aft4:r  liaiij6ii  y  .  '  -^ 

<ji«jai.)  ^'^ry     considerably    in     length. 

*  A:<  van  Gehuchten  fonihlr  ji'jttf  it.  "  Notez  bien  que  jedis  :  dans  V^XmX 
actuel  de  Ti<j%  coDnaiwaDf^^ii.  !«•»  fj«uroiifi«  ^tmt  des  Elements  ind^pendants ; 
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While  in  some  types  of  cells  all  the  protoplasmic  proceeses  are 
approximately  equally  developed,  in  other  types — for  example, 
in  the  pyramidal  cell  of  the  cerebral  cortex — one  dendrite  may 
be  enormously  developed,  being  thick  at  its  origin  and  extend- 
ing for  a  long  distance  from  the  cell  body,  while  the  others  are 
diminutive  and  comparatively  insignificant  in  size  and  extent. 
The  contour  of  a  dendrite  is  often  irregular  rather  than  smooth 
and  sharply  defined.  There  may  be  nodular  swellings  (Fig.  34) 
at  various  points,  though  whether  these  are  to  be  considered  as 
normal  appearances,  as  artefacts,  or  as  pathological  phenomena, 
does  not  yet  seem  entirely  clear.    There  is,  as  a  rule,  no  marked 


nodulation  in  normal  specimens,  Berkley,  Monti,  and  others 
have  observed  marked  distortions  of  the  dendrites  in  certain 
pathological  conditions.  These  will  be  referred  to  again  in 
Section  V. 

The  course  of  the  dendrites,  though  sometimes  tolerably 
straight,  is  usually  devious ;  in  fact,  the  irregularities  in  con- 
tour and  direction  are  important  distinguishing  characteristics 
of  this  type  of  process.  The  character  of  the  dendritic  branch- 
ing of  the  protoplasmic  process  varies  much  in  cells  of  different 
parts  of  the  central  nervous  system ;  whereas  in  some  dendrites 

uela  vent  dire  qii'avcc  lea  mclhodes  d' investigation  dnnt  nous  dispusuna 
aciuellement.  on  lie  vok  pa3  de  continuity,  on  ne  voit  pas  d'anaslonnw** 
entre  les  elements  nervcui,  et  par  consci|uent  on  ne  doit  pas  les  udioeltre." 
But  this  rule,  as  we  have  seen,  is  relative,  not  absolute. 
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the  branching  commences  at  a  short  distance  from  their  origin 
at  the  nerve  cell  and  continues  more  or  less  regularly  until  the 
final  divisions  occur,  in  the  dendrites  of  other  cells  a  main 
trunk  may  extend  for  a  considerable  distance  from  the  cell  and 
then  suddenly  break  up  into  a  large  number  of  terminal  den- 
dritically  branching  processes.  The  latter  beharior  is  char- 
acteristic, for  example,  of  the  apical  dendrites  of  the  pyramidal 
cells  of  the  cerebral  cortex.  The  degree  of  complexity  of  the 
branching  varies  enormously ;  in  some  cells  the  dendrites  are 
tolerably  simple  and  but  little  branched ;  in  others,  the  branch- 
ing is  most  complex. 

The  territory  occupied  by  these  antlerlike  divisions  of  the 
nerve  cell  may,  as  has  been  said,  be  very  considerable.  There 
are  few  greater  surprises  for  the  student  in  histology  than  his 
first  view  of  a  successful  impregnation  w^ith  the  silver  method 
of  the  dendrites  of  the  Purkinje  cells  crowding  with  their  dense 
feltwork  the  outer  layer  of  the  cerebellar  cortex.  The  huge 
protoplasmic  trunks  coming  oif  from  the  flask-shaped  cell  divide 
and  subdivide  with  tropical  luxuriance  into  widespread  bushlike 
masses,  occupying  a  wide  territory  and  increasing  the  surface 
of  the  cell  body,  perhaps  a  hundred  times  or  more.  The  sig- 
nificance of  this  cerebellar  forest,  as  it  has  been  called,  of  den- 
drites must  be  very  great,  but  it  has  never  as  yet  been  satis- 
factorily explained ;  at  present,  we  can  form  only  hypotheses, 
at  best  very  unsatisfactory,  as  to  its  meaning. 

Very  characteristic,  too,  for  the  different  varieties  of  neu- 
rones is  the  relation  of  the  dendrites  to  the  surface  of  the  cell 
body.     In  some  instances,  as  in  the  motor  cells  of  the  ventral 
horns,  they  radiate  out  in  all  directions  from  nearly  every  re- 
gion of  the  cell  surface.     In  the  cells  of  the  hippocampus,  or 
horn  of  Ammon,  one  or  two  dendrites  proceed  from  one  end  of 
the  more  or  less  oblong  or  fusiform  cell  body,  and  a  whole  group 
of  them  are  given  oif  from  the  other  end,  while  the  sides  of  the 
cell  body  are  smooth  and  sometimes  give  off  no  dendrites  at  all 
(Fig.  35).     Other  cell  bodies,  as  is  the  case  with  some  belonging 
to  the  nucleus  dentatus  cerebelli,  yield  dendrites  from  only  one 
side.     In  the  pyramidal  cell  of  the  cerebral  cortex  the  main 
dendrite  is  given  off  from  the  apex  of  the  p}Tamid,  while  the 
smaller  lateral  dendrites  are  yielded  mainly  by  the  angles  at  the 
base,  the  lateral  surfaces  and  the  basal  surface  itself  giving  off, 
as  a  rule,  very  few  or  no  dendritic  projections  at  all.     Many 
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other  c-xamples  might  be  given,  but  those  mentioned  will  suffice 
to  illustrate  the  importance  of  tlie  origin,  number,  and  distribu- 
tion of  the  dendrites  as  factors  in  dutermining  the  morpho- 
logical characteristics  of  a  given  neurone. 

Tlie  occurrence  of  cell  bodies  entirely  devoid  of  dendrites, 
the  so-called  adendritic  neurones,  has  to  be  recognized.     Indeed, 


•I'll  ((;..lKi'x  Cf  11  III 


>[-■  II)  a; 


<flI«(ifTyj)eI) 


in  invertebrates,  as  von  Lcnhoaaek.  Uetzius,  and  Apathy  have 
showTi,  they  are  very  numerous  and  form  in  these  animals  no 
small  proportion  of  the  constituents  of  the  nervous  system.  In 
such  neurones,  however,  the  pyriform  stem  process  shows  near 
the  cell  many  accessory  branchings  (Fig,  3ti),  which  some  be- 
lieve to  be  of  the  nature  of  dendrites,  though  others  look  upon 
them  as  collaterals.  The  ultimate  continuation  of  the  main 
process  is  regarded  by  all  as  the  axis-cylinder  process  of  the  cell. 
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The  qaestion  haa  been  fully  discussed  by  von  LenhoBS^k  (op. 
cii.,  S.  84  S..).    In  the  adult  human  nervous  system  the  ma- 


Fio.  36. — Unipolar  cbH  fn>ni  a  RanfiUon  of  Liihiliiirus.  (After  yon  IjenhoHBtk. ) 
The  rcll  body  U  ilevoicl  of  douilriUsi;  the  Hcutwirr  bnnuhM  of  the  maio 
|jnicit«cs  aru  limkiii  upiin  by  Home  uh  dimdrilmi,  by  nthura  aa  uillatemlB. 

jority  of  the  neurones  of  the  ganglia  of  the  dorsal  roots  are 
histologically  adendritic ;  *  though  embryologically,  and  per- 


Tta.  37.— I'liijt 

of  thi:  uiii 
HiKl  the  b 


•  Dendrites  have,  how 
within  the  spiDal  ganglia 


A  nomul  pyraniiilnl  n'11  fnim  Ihc  cercbisl  ooTtez 
r  IliTkli'y.)  Tbci  xinele-liniiii'hed  apical  dendrite 
hiiw  diHtiiictly  tbe  lateral  liiidK 


r,  been  dcmunHtraleJ  upon  ucrtaiii  ot  the  calls 
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bapB  also  phyaiologicallv,  the  asone  of  the  peripheral  sensor; 
nerve  fibre  ie  more  of  the  nature  of  a  dendrite,  MicroBoopio- 
ally,  however,  it  has  every  appearance  of  an  axis-cylinder  pro- 
cess, and  indeed  must  be  regarded  as  the  axis  cylinder  of  a 
medullated  nerve  fibre.  The  dendrites  within  the  central  nerv- 
ous system  are,  like  the  cell  bodies,  entirely  devoid  of  myelin 
sheaths. 

Another  feature   characteristic  of  the  dendrites  of  some 
nerve  cells  deserves  more  than  passing  notice.     Upon  the  sur- 


Fin.  3S,— Pliutuinicrogntph  ofi 
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face  of  the  processes  it  is  possible  to  make  out  minute  lateral 
buds,  which,  although  too  small  perhaps  to  deserve  the  name  of 
branches,  arc  still  definite  histological  structures,  probably  of 
no  mean  significance.  On  the  dendrites  of  the  pyramidal  cells 
{Fig.  37)  of  the  cerebral  cortex  and  upon  those  of  the  Purkinje 
cells  in  the  cerebellum  (Fig.  38)  these  lateral  projections  are 
very  numerous  and  constant  in  silver  preparations  of  healthy 
tissue.  They  are  not  unlike  the  projections  into  the  liver  cells 
from  the  bile  capillaries,  as  revealed  by  Goigi's  method,  but  ap- 
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pear  in  far  greiiter  numbers.  Berkley,  who  btis  named  these 
procesBee  "  gemmules,"  •  thinks  tliey  are  of  very  great  eignifi- 
cance  for  the  contact  of  different  neurones  with  one  another 
(Fig.  39),  and  thns  for  the  transference  of  impulses  from  nen- 


rone  to  neurone.  He  asserts  that  in  certain  diseases,  partica- 
larly  in  certain  intoxications,  it  is  these  "  gemmules  "  which 
are  the  portions  of  the  neurone  which  firnt  suifer,  and  he  has 
even  suggested  that  in  paralytic  dementia,  for  example,  the 
early  symptoms  may  be  explicable  by  assuming  the  destruction 
of  large  numbers  of  theite  gemmules. 

It  has  been  objected  that  these  lateral  budR  are  demonstra- 
ble only  by  fiolgi'a  metliods,  and  that  therefore  one  should 
hesitate  before  deciding  that   they  are  more  than  artefacts. 

*  Tbeselectiiiimf  llic  term  ■■ceinmiiles"  UidpMigniitp  these  laleral  buds 
IH  not  ontircly  tux  frnni  objeetiim,  inasmuch  as  the  same  wurd  was  used  liy 
Darwin  in  connection  with  heredity  us  a  name  for  the  minute  elements 
whii'h,  actonlinK  to  his  theory  of  [>aTi(^ni'sis,  arc  Riven  off  by  llie  cells  in 
diffiTctit  parts  of  the  body,  to  be  taken  up  later  liy  the  seiiial  cells. 
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Hill  •  haa  recently  dtnted  that,  although  he  finds  them  in  nine 
cases  i»ut  of  ten,  he  believes  them  to  be  artefacts  representing 
*'tlio  cell  end  of  an  unstainable  nerve  filament  surrounded  by  a 
film  of  staining  cell  plasm."  From  the  constancy  ot  their  ap- 
pearunce  ou  the  dendrites  of  certiiin  only  of  the  nerve  cells, 
from  their  entire  absence  from  those  of  certain  others,  and  from 
the  fact  that  they  are  most  apparent  and  more  sharply  defined 
in  the  most  successful  impregnations,  it  seems,  however,  fair  to 
conclude  that  they  are  definite  histological  structures.  More- 
over, Ramon  y  Cajal  f  has  been  able  to  demonstrate  beautifully 
these  lateral  buds  ou  the  dendrites  of  the  pyramidal  cells  of  the 
cerebral  cortex  by  means  of  the  "  vital  staining  "  with  methy- 
lene blue,  and  has  pictured  them  in  Fig.  1,  a,  of  his  article. 
These  appearances  can,  therefore,  be  no  accident,  but  whether 
the  interpretations  thus  far  advanced  as  to  their  significance 
are  correct  or  not  further  knowledge  and  exjwrieuco  must  de- 
termine. 

*  Hill,  A.  Note  on  "thorns"  mid  a  theory  ot  the  coiutitulinn  uf  graj 
matter.     Itntin,  I'Onil.,  vol.  ii,  1897,  pp.  181-137. 

f  Kami'iD  y  L'ujal,  S.  Ijaa  b^spinu  ('oUterait^  Jc  las  CeluUs  del  (lerebro 
Tenidns  por  cl  Azul  de  Mutileno.  Kevista  Trimestml  Microgriflca,  Madrid, 
vol.  i,  (asc.  2  y  a,  Agosto,  ISM.  pp.  133-136. 


CHAPTER  VIII. 

THE  EXTERNAL   FORM   OF  THE    AXIS-CYLINDER    PROCESSES 

OR    AXONES. 

The  axis-cylinder  processes  or  axoncs — Differential  characteristics  of  den- 
drites and  axones — The  relations  of  the  axones  to  the  cell  body — Den- 
draxoncs  and  Inaxones — Monaxoncs — Diaxones — Polyaxones — Anax- 
ones — Schizaxonos — Modius  of  termination  of  axones — Telodendrions — 
The  coverings  of  axones. 

The  axis-cylinder  processes  or  axones  *  of  nerve  cells  differ 
markedly  in  many  ways  from  the  dendrites.  The  appearances 
presented  by  an  axone  in  Golgi  preparations  are  so  characteris- 
tic that  after  a  little  experience  the  observer  will  rarely  have 
the  slightest  difficulty  in  distinguishing  it  from  adjacent  den- 
drites; indeed,  a  few  days'  study  with  the  microscope  of 
successfully  impregnated  specimens  will  do  more  to  convince 
the  student  of  the  differences  in  type  of  dendrites  and  axones 
than  will  many  pages  of  careful  explanation.!  On  analysis, 
however,  the  structures  admit  of  differentiative  description. 
The  axone  differs  from  the  dendrite  in  its  mode  of  origin  from 
the  cell  body,  in  its  contour  and  calibre,  and  in  its  course  and 
mode  of  branching ;  further,  if  long,  it  is  usually  medullated, 
and  also  shows  differences  in  its  accessory  processes  and  in  its 
method  of  termination. 

Arising  cmbryologically  through  a  prolongation  of  the  stem 
of  the  pear-shaped  neuroblast  {vide  infra)^  in  the  adult  the  ax- 
one comes  off  from  the  cell  body  or  from  a  dendrite  (Fig.  40), 
in  the  latter  case  usually  near  the  cell  body,  though  sometimes 
at  a  long  distance  from  it,  by  a  narrow  wedge-shaped  beginning. 

*  Kollikor's  Neiiraxon  is  well  shortened  to  the  more  simple  axfme.  a  term 
convenient  and  not  likely  to  lead  to  any  confusion.  The  designation  neurite 
has  also  been  applied  to  this  fjrocess. 

t  It  must  be  admitted,  however,  that  in  certain  regions — for  example,  in 
the  sympathetic  ganglia  and  in  the  plexuses  of  Meissner  and  Auerbach — the 
dendrites  and  axones  may  resemble  one  another  so  closely  that  they  can 
only  with  considerable  difficulty  be  distinguished  from  on^'  another. 
78 
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This  mode  of  origin  makes  the 
axone  appear  to  be  a  more  inde- 
pendent structure  than  tlie  den- 
drite, since  the  latter,  na  is 
obvious  from  its  broad,  wedge- 
shaped  origin  and  from  the 
nature  of  its  contents,  is  sim- 
ply an  attenuated  portion  of 
the  body  of  the  nerve  cell.  That 
the  asone  is,  however,  also  s  <ii- 
rect  continuation  of  the  proto- 
plasm of  the  cell  body,  at  least 
of  the  ground  substance  of  that 
protoplasm,  there  can  be  no 
doubt,  although,  as  will  be  point- 
ed out  later,  certain  substances, 
those  which  account  in  tissues 
fixed  in  alcohol  for  the  no-called 
NissI  bodies,  present  in  consider- 
able amount  within  the  cell  body 
and  dendrites,  appear  t<j  l<c  en- 
tirely absent  from  the  ainucs,  or 
to  be  present  in  them  in  suiL'h 
Bmall  quantities  as  to  esi~'iipe  de- 
tection by  the  method: 
present  employed  for  di 
strati ng  them. 

The  calibre  of  the  axones 
varies  much  for  the  dif- 
ferent cells,  correspond- 
ing in  general  to  the  leujrtli  <> 
their   course,   a    point    \v)n-'\ 
Schwalbe   early  pointed  out 
and   which    von    Lenhossck  Pio,  40. 
has  recently  emphasized.  Un- 
like that  of  the  dendrite,  its 
calibre   is,  as  a  rule,  main- 
tained for  a  considerable  dis- 
tance  from   the  cell.     Even 

in  the  dendraxones  (Golgi's  cell.  Type   II;  Kolliker's  Nevro- 
podien)   the  axone   is  sulliciently  well   characterized   in   this 


the  cmbiyu  chick. 
The  large  dcmlrite  i 
pcripher;  of  the  li.l 


the  opIiF  lobe  of 
AfbT  Kolliki-r.) 
uiiinKtoWHrd  tho 
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reijpi-ot  to  j)erinit  eiixily  uf  hu  identification  (Fig.  11).  We  are 
often  deceived  from  its  narrow  calibre  as  to  the  volnme  of  an 
uxis  cylinder.  This  may  be  as  much  as  a  hundred  and  eighty- 
aeven  timee  timt  of  the  cell  body  (Donaldson). 


FlO.  41.— Oi.Ikih  .■■■11  .if  T.vpi-  II  rr.milln-.lr.rsi1  li.Tii  rif  Clix  Rn;  matterof  th» 
nriiwl  (iinl  rif  tlif  iii'n'li.>ni  iii.ww'.  ( Aflisr  vim  ■..■nliiuM'k. )  Evun  in  mich  a 
deiidrnKini'  thi-  ainiii'  ii  vi-cy  ■iwllj'  ilutinKUiiiliublc  rnmi  Ihu  dcnilribs.  The 
Utter  an-  uiily  n'pnt*-n(i«l  in  |Hrt  in  Ilic  iilimtTBtiiin. 

The  snrfuce  of  the  uxone  is  sniootli,  its  contour  regular,  and 
its  course,  as  a  rule,  direct,  ^o  that  in  most  instances  the  trained 
eye  can  recognize  it  in 'iolf^i  preparations  at  first  glance  stand- 
ing out  sharply  like  a  piccp  of  bla(;k  thread  on  a  white  or  yel- 
lowish background.  Tht;  nxinu-n  do  not  always,  however,  take 
the  course  to  their  deritinution  which  ap^H^ars  to  be  tlie  shortest. 


TUE  EXTERNAL  MORPHOLOGY  OF  NEURONES. 


81 


and  the  origin  and  significance  of  some  of  the  cnryoa  and 
digressions,  for  example  of  the  root  fibres  of  the  nervus  facia- 
lis, are  diMcult  to  understand. 

The  length  of  the  axones  is  in  the  highest  degree  variable. 
Iq  the  deadiaxoQCB,  where  dendritic  branching  of  the  axone 


2.— Speciiil  crlla  (polvuxonos)  of  iiuilcculur  Invrr  iif  ccn'bnil  I'lirlcx  if  n  doft 
oiiL' <lny  old.  (AftrrltHniiin  y(^l.|  .1,  riMifomi  ii-ll :  A,  IrJAiKtulHrccU  ; 
(',  annthcr  fusifonii  ci-ll :  It,  iHilygoiinl  cell  witli  uumcnjUH  doiiilriUti  and  an 
axuuc  which  dividvH  nrpuittdlr  ;  r,  (loin's. 

occurs  soon  after  its  departure  from  the  cell,  the  total  length 
before  complete  loss  of  individuality  may  amount  to  only  a  few 
millimetres,  or  even  to  a  fraction  of  one  millimetre.  On  the 
other  hand,  the  axones  of  some  of  the  motor  neurones  are  fully 
half  as  long  uathe  height  of  a  man.  Between  these  two  ex- 
tremes there  is  every  possible  degree  of  variation. 

The  neurones  with  long  axones  (inaxoues  of  von  Lenhoseek, 
Golgi's  cells  of  Type  I,  Kijlliker'a  heferopodere  Xervenzellen), 
as  a  rule,  are  monaxones — that  is,  they  possess  only  one  axone. 


though  the  spina!  ganglion  cells  may,  histologically  at  least  {viiie 
svpra),  be  regarded  as  diaxones.  Tliere  are  neurones,  too, 
which  possess  several  axones.  Among  these,  the  so-called  poly- 
axones,  are  the  cells  described  by  Ramon  y  Cajal  in  the  outer 
layer  of  the  cerebral  cortex  of  certain  animals  (Figs.  42  and  43), 
from  the  horizontal  dendrites  of  which  as  many  as  four  or  even 
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1^  g|  a  more  branches  maj  be  given  off  which 

^.s-^i  possess  all  the  external  characters  of 

I  ^|-.|  delicate  axones.     According  to  RamoD 

_^^|  S-  y  Cajal,  mauy  of  the  Bympathetic  gsD- 

^£f-rf  glion  cells  laid  down  in  the  viscera— 

.^^'•3=1  for  example,  those  of  Auerbaoh's  and 

|i"|||^  Meissiier'B  plexuses  —  possess    several 

'-  =  ?!;  axones. 

^■-■=  =  1'  Anasones,  neurones  which  appear 

~  s|  - 1  to  be  absolutely  devoid  of  axis-cylinder 

■'^='1  =  processes,  occur  in  the  unclear  layer  of 

S  J  ^  =  I  the  olfactory  bulb,  in  the  retina  (Fig. 

g  ".~^i  44)   (cellules  avutcrinea  of   Ramun  y 

.2*5/=  Cajal),   and,    as   von    Bechterew   has 

=*\JI  I  pointed  out,  within  the  baskets  of  the 


FlO.  45.— Aimiii 
.■<.n  of  ihi- 
(i.,lgi ;  aftor 


Purkinje  cells  of  the  cerebellum  (Pig. 
45). 

To  axonea  which  in  their  course 
divide  into  two  equal  or  nearly  equal 
branches — for  example,  the  Y-shaped 
divisions  of  the  central  axones  of 
peripheral  sensory  neurones  after  their 
entrance  into  the  central  nervous  sya- 
tem — the  name  of  schizaxones  has 
been  applied  (Fig.  46). 

The  ultimate  terminals  (teloden- 
drions)  of  the  axones  have  been  care- 
fully and  exactly  studied  in  great  nnm- 
bers  of  instances,  and  nearly  all  observ- 
ers agree  that,  as  far  as  can  be  made 
out  by  the  method  of  Golgi,  every  axon& 


E.'  rnim  the  banket  of  a  Parkinja 
■n-lK-llar  pi.rtti.      (Mpthod  of 

imBfflitcrew.) 
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invariably  ends  "free."  The  termination  of  a  branch  of  an 
axone  by  means  of  a  definite  end  arborization  about  a  single 
cell  (Fig.  47)  occurs,  though 
not  BO  frequently  as  many 
writers  would  lead  one  to 
think.  The  common  mode 
of  ending  is  by  exhaustion 
through  multiple  division, 
this  division  being  often 
spread  over    quite  a  wide 


Fig.  46.  Fio.  47. 

Fio.  46. — V-shapcil  tliviHiim  nf  scnfuiry  root  flhree  after  rnlntnti.-  into  thp  Hpinal 

ci)ni.     Six-raoTithK  human  inibryo,     (After  von  Kollikcr.)     Amnea  which 

undergo  BUvh  a  ilivihiun  un-  rnlU'd  by  von  lA-nhiM»£k  M-hiiaiun<ii, 
Fio.  47. — Eii<i  ramificatioiiB  forming  »  liaskplwiirk  abimt  two  ["uitinje  cclld  of 

tht  ivrcU>1lHri!orbri.     {From  SchafiT.  afU-r  Ram6u  y  Cajul.)    n,  uione  i  b, 

bonkttwijrk. 

domain,  so  that  the  terminal  branches  of  a  single  axone  not 
infrequently  come  into  the  neiglihorhood  of  the  dendrites  and 
cell  bodies  of  a  considerable  number  of  different  neurones. 
It  may  not  be  superfluous  to  emphasize  this  fact,  inasmuch  as 
a  great  many  diagrams  hitherto  published  in  text-books  and  not 
a  few  descriptive  articles  are  entirely  misleading ;  the  intimate 
intordigitation  or  interweaving  of  the  terminals  of  one  axone 
exclusively  with  the  dendrites  of  a  second  neurone,  so  frequently 
pictured,  very  rarely  occurs,  except  in  a  few  localities,  as,  for 
instance,  in  the  olfactory  glomeruli  of  some  animals  (Fig.  48). 
It  is  much  nearer  the  truth  to  think  of  one  neurone  coming  by 
means  of  the  terminals  of  its  axone  or  axones  into  contact  with, 


84 


THE  NERVOUS  SYSTEM. 


and  thus  perhaps  being  put  into  a  condition  to  inflnence  tbe 
processes  or  cell  bodies  of  a  few  or  of  many  other  neurones 
("avalanche  conduction"  of  Ramon  y  Cajal).     In   the  accom- 
panying  figure,  which  illustrates  the  terminal   sensory 
nucleus  of  the  trigeminus  in  the  citt,  tlif  distribution 
of  axones  over  a  considerable  area  is  iloarly  shown 
(Fig.  4!l) ;  in  Fig.  50  and  in  Fig.  51, 
the  manifold  branchings  of  ttome  of 
the  end  rumificiitions  of  t 
revealed  by  the  method  of  Golgi,  u 
also  demonstrated. 

A  number  of  curious  forms 
of     termination 


■A' 


^AV 


Flo.  4 

uiiinl-i.    '.Vfirvr 

Klft.  49.— Xurliu.  .,{  •■-niiiiiHli'.ii  ••(  ilii-  •^■t\.^,rs  |art  nf  ilu>  iii-niis  triRPBihiiiH  of 
thirat.  '.Vfti-r  jr.H,.  Til.' i-ml  rHniili.-JtlniK  nf  tin-  Miijfli-  aitU  (Tlimlcm 
■TC  wi'ii  I-i  !■■  •li>iri  III  ■■•.•)  ill  wi.l.l.T  --[iHml.'l  iiniw.  w.  lluil  liiimilfo-s  mniins 
■Iiinte  a  -iiikI''  lil'n- 1<.  thi-  iiii<-l<-"ii  may  "Mirii.'  in  [■■intai'l  with  n  lurKV  nmnlM-r 

scribed  in  vari'.U''  [lart-  of  th"  '-ifiitral  iifTvouH  syatem.     One  of 
the  most  int<-r(.-Rtiii;f  ol  ilii-v-  h  that  shown  in  Fig.  52,  which 
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illustrateB  the  mode  of  terminatioD  of  the  so-called  "climbiDg 
fibres  "  in  the  cerebellar  cortex.  Many  other  modes  of  termi- 
nation— for  example,  the  disclikc   expansions  to  be   seen   Id 


(After 


Meiasner's  corpuscles  and  in  the  tactile  discs  in  epithelial  sur- 
faces (Fig.  53) — might  be  mentioned.  The  curious  calyxlike 
terminals  (Held)  of  axones  met  with  in  the  nucleus  corporis 
trapezoidei  are  fully  described  and  pictured  in  a  sabBequent 
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chapter  (Sectioo  VI).  It  is  to  be  remembered  that  within  the 
central  nervous  system  the  terminals  of  the  axones  and  collat- 
erals may,  in  some  instances,  come  in  direct  contact  with  the 
bodies  of  other  netirones  {vide  Fig.  47),  in  other  instances  the 
second  neurones  are  influenced  perhaps  mainly  through  their 
procesBes.  The  anatomical  relation  of  one  nerve  cell  with  an- 
other is  spoken  of  by  Foster  and  Sherrington  *  aa  a  sj/napsig.  \ 


Fill.  51.— Thn'i 


uptic  lobe  of  an  em 


In  the  niiijority,  although  not  all,  of  the  inaxonea  the  axis- 
cylinder  processes  are  in  the  greater  part  of  their  course  inclosed 
within  a  sheath.  Dend  rax  ones,  being  for  the  moat  part  entirely 
within  the  gray  mutter  of  the  <-entral  nervous  Bvstem,  possess 
uxonal  proccsises  which  are.  as  a  rule,  devoid  of  such  a  pro- 
tective covering.  In  the  majority  of  peripheral  spinal  and 
cerebral  nerves  this  covering  consists  of  a  relatively  thick  fatty 
layer  forming  the  myelin  sheath,  exteriitil  to  which  is  a  cellular 
layer,  the  neurilemmii.     Ilenle's  slieath  is  the  fibrous  tissue 


•  Op.  cit.,  p.  9211. 


f  From  iHiw  uud  imt,  clasp. 
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often  present  externul  to  the  neurilemma.  Within  the  central 
nervous  system  the  myelin  sheath  is  present,  but  the  neurilemma 
appears  to  be  absent,  a  fact  which 
speaks  strongly  in  favor  of  the 
view  that  the  myelin  sheath  is 
the  result  of  the  productive  ac- 
tivity of  the  axone  rather  than  of 
the  neurilemma  cells,  as  many 
have  believed.  The  sympathetic 
nerve  fibres  possess  no  myelin 
sheath,  but  are  surrounded  by  a 
protecting  layer  of  long,  flat  cells 
forming  a  sort  of  neurilemma. 
It  is  not  my  purpose  here  to  re- 
fer in  detail  to  the  histology  of 
these  various  sheaths  of  the  az- 
one;  they  have  long  been  care- 
fully studied,  and  are  described 
at  length,  and,  as  a  rule,  correct- 
ly, in  the  text-books  I  would 
only  point  out  that  the  discovery 
of  the  fact  that  within  the  brain 
and  spina!  cord  the  asones  of 
neurones  destmed  for  different 
functions  receive  their  myelin  sheaths  at  different  periods  in 
developmental  history,  and  its  application  as  a  means  of  aaaly- 
sis  of  nerve  tracts  form  the  basis  of  Flechsig's  embryological 
methods.      By  means  of   the   recent   method  introduced  by 


Fill  62 — The  BO-caltud  "climbinR 
fibres '  cif  the  cerebellir  cortcK 
from  tbe  braTD  of  n  child  a  muDth 

aiiclahalfuld     (After  Kolliker  ) 


FlQ.  53,— DiHc-Hliaped  eTpon^ions  on  nerve  flbrillie  of  the  pin's  Hiimit  nnd  their 
relation  to  ctrtain  of  thi  tr'thelial  cells.  (Fnim  Sobiifer.  after  liaiivier.) 
n.  nerve  flbn  m  niinMCUH  or  ilisc  a  epithelial  cell  in  euntact  with  disc; 
e,  ordinary  epithelul  cell 
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Fia.  54. — IX'Vi-lt>|Hns  injn'liii  Hhnitlix  urilinV-n-iitnin^  hh  nepn  tliRiUKb  the  polar- 
iaition  TDirinKropu.  SL-lu'iuiitii.-.  lAftir  H.  .liiiliroiiu  ii.  H.  Held,  Arch,  f, 
Anut.  II.  Ph^icil..  Anut.  Alitli..  Uiiix.,  IWM,  Tiit.  ix.  i  Thi-  ujiper  cif  the  two 
figunii  repn-si'iilH  tlif  rcHci  imtli  Ih-Ivsh-ii  Ihn  ucuuslic  Hml  optic  nerres  and 
the  miitnr  Hpiianittii:  Kcivi-rnin^  th<-  itiovfiiirnlx  of  tltc  \iimA  and  eyes.  The 
lower  Hfniiv  hhciwx  thf  n'fli'x  i«lh  thniii);h  tlii-  iliirsul  mill  vential  nota  of 
the  Hliinal  curd.    YvUuw  fllircii  ulileHt ;  n:<l  Hbrra  youngest. 


THE  EXTERNAL  MORPHOLOGY  OF  NEURONES.    g{^ 

Ambronn  and  Held,  •  in  which  the  polarization  microscope 
permits  the  determination  of  the  younger  and  older  of  medul- 
lated  fihres  of  nearly  the  same  age,  the  sphere  of  application 
of  the  myelinization  method  of  study  has  been  considerably 
widened.  In  Fig.  54  the  sharpness  of  analysis  made  possible  by 
means  of  the  color  differentiation  is  illustrated.  Held  f  has 
tested  recently  by  means  of  the  polarization  method  the  effects 
of  stimulation  upon  the  progress  of  myelinization.  The  work 
done  upon  these  lines  belongs  to  one  of  the  most  important 
■  epochs  in  the  development  of  methods  of  neurological  investi- 
gation, and  to  the  application  of  Flechsig's  method  to  the 
study  of  some  of  the  higher  nerve  centres  I  shall  later  take 
occasion  to  refer.  The  portion  of  an  axone  nearest  the  cell 
body  is  with  some  exceptions  devoid  of  myelin,  as  are  also 
its  terminal  ram ifi cations  (motor  end  plates  and  naked  telo- 
dendrions  within  the  central  nervous  system).  Here  and  there 
in  its  course  a  medullated  peripheral  nerve  fibre  may  suddenly 
lose  its  myelin  sheath,  be  devoid  of  it  for  a  certain  distance, 
and  again  suddenly  be  covered  by  it  (Schiefferdecker). 

•  Ambronn.  H..  unJ  H.  Held.  Beitr%E  zur  Kemitniss  ties  Nervenmarks. 
Ueber  Eiitiriekclung  umi  Beiieutiing  des  Nerveninnrks ;  Uebcr  Beobachtun- 
gen  an  lebenden  und  Irisehen  Nervenfascm  unit  die  Sichlbarkeit  ihrer  dop- 
poUen  Contourirung.  Arch.  f.  Anal.  u.  Physiol.,  Anat.  Abth.,  Leipz.,  Jahrg. 
(189G).  H.  iii  ti.  iv.  S.  203.  214. 

t  Held.  il.  Uebcr  experiment  pile  Reifung  des  Nervenmurks.  Arch.  f. 
Anal.  u.  I'hysioL.  An»t.  Abll...  I^ipi..  Jahrg.  (1896),  H.  iii  u.  It.  S.  222. 


CHAPTER  IX. 

COLLATERALS,  SIDE  FIBRILS,  AND  INTERNEURONAL  SUBSTAKCES. 

Accessory  branchings  of  the  axones — The  collaterals  or  paraxones — The  side 
fibrils  of  Golgi — Substances  between  neurones. 

Besides  the  main  divisions  of  axones  above  described,  the 
accessory  branchings  of  the  axones,  the  collaterals  (von   Len- 
hossek's    Paraxonen ;    Retzius'  CylindrodendHten)^   and    side 
fibrils  (Golgi)  must  be  considered.     In  Golgi  preparations  the 
point  of  origin  of  a  collateral  from  the  axone  is  usually  marked 
by  a  slight  thickening.     In  the  spinal  cord,  collaterals  from  the 
fibres  of  the  dorsal  roots  and  from  the  fibres  of  the   white 
fasciculi  run  in  at  different  levels  in  great  numbers  into  the 
white  substance,  so  that  a  given  nerve  fibre  may  be  connected 
not  only  with  the  gray  matter  in  which  its  axone  finally  termi- 
nates, but  accessorily  by  means  of  its  collaterals  with  the  gray 
matter  of  very  many  segments  of  the  cord  intervening  between 
its  origin  and  ultimate  termination,  a  fact  of  incalculable  im- 
portance in  the  explanation  of  roundabout  conductions  and  of 
manifold  reflex  activities.     According  to  von  Lenhos86k,  and 
my  own  studies  thus  far  support  his  statement,  the  portion  of 
the  axone  nearest  its  cell  of  origin — that  is,  the  cytoproximal 
portion — possesses  many  more   collaterals    than  that   distant 
from  the  cell  body ;  indeed,  the  cytodistal  portion  of  the  axone 
may  be   almost  or  entirely  devoid  of  collaterals.     Owing    to 
technical  difficulties,  the  number  of  collaterals  which  may  be 
given  off  by  a  single  axone  has  never  as  yet  been  satisfactorily 
determined.     Kolliker,  in  a  longitudinal  section  of  the  spinal 
cord  a  few  millimetres  long,  counted  as  many  as  nine  collaterals 
from  one  fibre.     It  will  be  remembered  tluit  some  of  the  fibres 
of  the  dorsal  roots  in  their  intramedullary  course  extend  from 
the  lumbar  cord  as  far  as  the  medulla  oblongata,  though  it 
would  be  incorrect  to  calculate  the  number  of  collaterals  pro 
rata^  since,  as  has  just  been  said,  the  cytodistal  portions  of  the 

axone  appear  to  be  entirely  free  from  accessory  branchings. 
90 
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Von  Lenhoss^k,  who  has  made  exbauBtire  studies  of  tlie  spinal 
cord,  including  that  of  human  beings  (Fig.  55),  has  never  been 
able  to  find  collaterals  in  the  fasciculus  gracilis  Colli  and  does 
not  believe  that  they  exist  there.  Moreover,  the  number  of 
collaterals  varies  much,  not  only  for  axones  of  the  same  faacicu- 
lus,  but  also  and  more  particularly  for  the  axones  of  different 
physiological  systems.    In  the  dorsal  fasciculi  of  the  spinal  cord, 


rout  cif  n  Hianal  ncr 
cli-uli  uf  t)ir  white 


Flo.  S9. — Schemi!  xhowlnii  thr  dcrm'nts  of  the  gray  matter  or  the  spinal  uird. 
On  the  left  are  shiiwn  the  ti-nninal  Bian«  and  collatomis  cntprinK  the  gia; 
mallf  r  frnm  the  white  BUhxtance  ;  on  the  rifcht  are  to  he  Heeu  the  iliflerent 
nerve  eclla  of  the  gray  matter.  (AfCur  vnn  Lenh»»fk  n»  uodiflcd  hy  van 
(it'huchtcn,  I  a.  vcntial  horn  eelU.  the  aiones  of  which  ro  Into  the  ventml 
ruotH  uf  the  Npinal  nerves  ;  A.  ceil,  the  aione  nf  which  poHiefi  into  the  dorsal 

_    .    ...    .i__... .   v.  rf,  i,  p,  colla,  the  aiones  of  which  pftiB  t«  the  fa* 

■;  e,  heteromeric  neuroniii:  r',  hecateromcHc  neu- 
;  Q,  Golgi'a  cell  Type  II,  or  dendraiune. 


von  Lenhossek  has  shown  that  the  collaterals  are  moat  abundant 
in  the  entry  zone ;  they  are  very  numerous  in  the  middle  and 
ventral  parts  of  the  fasciculus  cuneatus  Burdachi,  but  occur  in 
much  smaller  numbers  in  its  dorsal  peripheral  part ;  and  in  the 
fasciculus  gracilis,  as  has  just  been  pointed  out,  they  appear  to 
be  absent  altogether.  That  they  are  absent  in  the  fasciculus 
grncilis  must  not  be  taken  to  mean  that  these  axonea  are  en- 
tirely deprived  of  collaterals,  inasmuch,  as  is  well  known,  those 
belonging  to  the  fibres  constituting  the  fasciculus  gracilis  rep- 
resent axones  of  dorsal  root  fibres,  which  lower  do«Ti  have  run 
for  some  distance  in  the  fasciculus  cuneatus  and  only  after  a 
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longer  or  shorter  course  within  the  cord  hare  passed  orer,  or 
liave  been  pushed  over  through  the  entrance  of  more  fibres  from 
dorsal  roots  higher  up,  into  the  fasciculus  gracilis.  That  there 
are  axones,  however,  which  hare  no  collaterals  seems  very  proh- 
able,  and  this  is  true  for 
many  agones  of  ventral  horn 
cells  and  of  the  o^tic  and  ol- 
factory peripheral  sen- 
sory neurones. 

The  collaterals  are 
often,  it  might  perhaps 
be  said  generally,  me- 
dullated,  and  an  im- 
mense number  of  the 
very  fine  fibres  revealed 
by  Weigert's  method 
vrithin  the  gray  matter  of 
the  central  system  represent 
in  edu  Hated  collaterals.  A 
great  step  forward  was  made 
when  it  became  possible  to 
recognize  that  the  great  mass 
of  meduUated  fibres  passing^ 
in  from  the  dorsal  funiculi 
of  the  cord  do  not  represent 
the  terminal  branches  of  the 
fibres  of  the  dorsal  roots,  nor 
even  the  main  stems  of  these 
fibres  on  their  way  through 
the  cord.  The  majority  of 
these  fibres  represent  col- 
late nils  and  are  not  main 
branches  of  dorsal  root  fibrea, 
by  far  the  majority  of  the 
latter  passing  on  up  in  the 
dorsal  funiculi.  Thanks  to 
the  extremely  careful  studies 
of  TOn  Lenhossck,  llamim  y  Cajal,  and  Kiilliker,  which  supple- 
ment the  enibryological  investigations  of  Flechsig,  we  are  now 
able  to  recognize  very  different  groups  of  these  collaterals,  in- 
cluding the  reflex  collaterals  and  others,  groups  differing  in 


— EndinRR,  n,  of  ciillHtcralH  tnim 
IcirKHl  fiinit'uli  in  (hi-  icmy  iiuill<T 
<'  NpiniLl  .-<.nl  i.r  llii'  Tii-wlHini  nili- 
(.\fttT  KmiikiT.  I 
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origin,  in  their  methods  of  termination,  and,  most  interesting 
of  all,  probably  in  function.  This  new  classification  is  destined 
to  go  far  in  rendering  clearer  the  pathology  of  the  spinal  cord 
— indeed,  it  has  already  done  much  to  elucidate  many  obscure 
problems  connected  therewith. 

The  free  ending  of  the  collaterals  like  that  of  the  terminal 
axones  is  insisted  upon  by  those  who  work  with  the  method  of 
(jolgi  {Fig.  50),  After  repeated  division  each  little  fibril  runs 
out  into  a  terminal  end  point  which  occasionally,  though  not 
always,  appears  slightly  knobbed.  The  collateral  may  thus 
come  in  contact,  by  virtue  of  its  end  arborization,  with  the  pro- 
cesses of  several  other  neurones,  and  here  as  before  the  diagram- 
matic representation  of  collaterals  surrounding  exclusively  the 
cell  body  or  dendrites  of  a  single  neurone  is  to  be  emphasized 
as  misleading.  While  it  can  not  be  denied  that  such  a  means 
of  ending  may  occur,  it  is  at  least  certain  that  it  is  not  the 
only  one,  nor,  I  think,  the  most  common.  The  importance 
of  recognizing  the  real  method  of  termination  becomes  more 
obvious  in  the  consideration  of  the  simultaneous  affection  of 
a  whole  series  of  neurones  belonging  to  one 
functional  neurone  group.  As  to  whether  col- 
laterals can  be  distributed  in  domains  in  which 
they  can  come  into  conduction  relation  only 
with  the  side  fibrils  or  collaterals  of  ojeones  of 
other  neurones,  I  shall  have  something  to  say 
when  discussing  the  possible  functions  of  the 
different  parts  of  the  neurones. 

Gotgi  distinguishes  the  side  fibrils  (Fig.  57), 
which  run  off  from  the 
axone  into  the  gray  mat- 
ter immediately  after  its 
origin,  from  the  regular 
collaterals  which  arise  at 
a  greater  distance  from 
the  cell  body.  The  form- 
er are  noii  -  medulUted, 
the  latter  usually  medul-  *'"«■  st.— si<ti-  fiiirii  <ir  (iolgi  mi  thp  aiont  .if  ■ 
I.J       mi  1  1  niuttir  I'l-ll  of  thv  vrnlml  hum  uf  the  spiiuil 

lated.      1  hough  morpho-         mxA.    Thi-  amm-  iiMlicHti-K  thf  ii'llullhlgHl 
logically  there  seems  to      ■'''"■''■li""-    (Afu-r  vim  U'lihiMw-k.) 
be  no  very  obvious  reason  for  such  a  division,  von  Lenhossek 
has  recently  expressed  himself  as  of  the  opinion  that  the  two 
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Structures  may  be  of  different  significance  in  their  functional 
aspects,  a  subject  to  which  it  will  also  be  necessary  to  return. 

In  sum,  then,  the  cell  body,  dendrites,  axones  with  their  col- 
laterals and  telodendrions  represent  the  different  portions  of 
the  neurones  as  discovered  by  the  Golgi  method.  It  is  obvious 
that  the  closer  the  analysis,  the  more  certain  and  distinct  be- 
comes the  view  of  the  relative  morphological  independence  of 
the  nerve  units.  Even  of  the  existence  of  a  soldering  inter- 
substance  we  have  very  little  evidence  of  a  convincing  nature. 
His  assumes  the  presence  of  an  unformed  ground  substance 
between  the  different  processes,  and  suggests  that  this  may  be 
a  constituent  easily  affected  by  influences  of  a  general  nature, 
especially  those  of  nutrition.  On  the  other  hand,  von  Lenhos- 
sek  argues  that  no  one  has  seen  this  intermediate  cement  sub- 
stance, and  believes  that  it  is  possible  to  get  along  with  the 
view  which  looks  upon  the  plasma  stream  or  lymph  stream  as 
the  only  substance  saturating  the  final  plexus  of  nerve  processes 
and  filling  up  the  minimal  interspaces  of  the  tissue.  Our 
knowledge  of  the  lymphatics  of  the  central  nervous  system  is, 
however,  deplorably  deficient,  and  there  is  urgent  need  for  fur- 
ther research  in  this  direction.*  Eamon  y  Cajal's  f  hypothesis, 
according  to  which  the  penetration  of  neuroglia  fibrils  between 
the  processes  of  neighboring  neurones  plays  a  part  in  the  make 
and  break  of  conduction  paths,  has  as  yet  but  little  basis 
dependent  directly  upon  anatomical  observation. 

To  Held's  views  with  regard  to  "  concrescence  "  as  a  mode 
of  interneuronal  relation  we  have  already  referred  in  Chapter 
VI.  In  his  third  contribution  to  the  structure  of  nerve  cells 
Held  I  mentions  that  by  means  of  Golgi's  method  he  has  been 


♦  Cf.  Binswanger,  0.  und  11.  Berger.  BeitrSge  zur  Kenntniss  der  Lymph- 
circulation  in  der  Grosshimrinde.  Arch.  f.  path.  Anat.  (etc.),  BerL,  1^8, 
Bd.  clii,  S.  525-544. 

t  liamon  y  Cajal,  S.  Algimas  conjeturas  sobre  el  mecanismo  anat6inico 
de  la  ideacion,  asociacion  y  atenci6n.  Rev.  de  med.  y  cirug.  prdct.  Madrid 
1895,  vol.  xxxvi,  pp.  497-508.  Translated  into  German  in  Arch.  f.  Anat.  u. 
Physiol.,  Anat.  Abth.,  Leipz.,  Jahrg.  1895,  H.  4/6,  S.  367-378.  Cf.  criticism 
by  V.  KOllikcr,  A.  Uel>er  die  neue  Hypothese  von  liamon  von  der  Bedeu- 
tung  der  Xeuroglia-Eleinente  des  Gehirns.  Sitzungsber.  der  phy8.-iiied. 
Gesellsch.  z.  WUrzburg,  1896,  No.  8. 

X  Held,  II.  Beitrilge  zur  Structur  der  Xervenzellen  und  ihre  Fortsfttze. 
Dritte  Abhandlung.  Arch.  f.  Anat.  u.  Physiol,  Anat.  Abth.,  Leipz.,  Sup- 
plementband,  1897,  S.  273-312. 


Fl«.  88.— Pericellalar  nelworkii  believed  hy  Held  to  he  rnnned  by  the  UrminalB 
nf  axoneH.  Onisi  prvpunitiiinn  ttuai  a  iM  twenty  dnyx  old.  Sn'tinnii  TO  it. 
thick.  (Aflpr  H,  HeUl.  Arth.  f.  Anat.  u.  Physiul..  Leipi.,  19»7,  Annt, 
Alith.,  Sup|>l.  Bd..  Taf.  ziv.  FIkh.  G,  T,  nnd  8.)  A,  O^ll  «-il)i  netn-urk  (nna 
nucleua  nervi  cochlrariB  veiitnilis.  The  perii-ellular  network  Kurn.unds  the 
whole  (.I'll  and  a  dendrite  nuKinK  upwnril.  The  Rbn-  n  eiimvpimilii  to  one 
<)f  thu  thickened  fibrea  of  the  N.  corhleio  dewrihwl  liy  Ramfin  y  (iiJHl  and 
Held.  Beycind  the  thieki^ni'd  npot  fibrils  go  ta  join  the  general  perieellular 
network.  B.  lint  of  the  iietwcrk  amund  a  eell  in  the  nmleiis  iiervi  ve<itib- 
ubiriH  latemlin  (Delteml.  Held  believm  thai  Ihe  tblekeiiinfti"  in  the  ni-t- 
work  may  enmspond  to  the  agfireRUtiona  of  neurrisimiefi  whieh  titain  in  iron- 
litemnUixylin  pn-jia  rat  ions,  n,  ft.  e,  d,  r.  f.  aicmpii  which  help  lo  fonn  the 
network.  C.  Part  iif  the  network  an.und  a  cell  i.t  the  nucleus  nervi  r.»;h- 
leuria  ventTalin;  the  anastomoaee  of  tho  coarser  BUhdiTiniona  of  the  fihres 
a  and  b  and  the  larger  sfrellingi  of  the  threads  of  the  network  are  clearly 
•""■'•■  85 
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able  to  show  the  formation  by  terminal  axones  of  pericellular 
and  peridendritic  networks.  This  finding  is  illustrated  in  Fig. 
58.  The  views  of  Apathy  as  to  the  connection  of  many  neu- 
ronen  with  one  another  bv  means  of  neurofibrillie  have  also 
lieen  dealt  with  in  Chapter  VI. 

Ah  this  })ook  is  being  put  through  the  press  a  novel  idea 
with  regard  to  intercellular  substances  has  been  suggested  by 
Nissl.*  This  investigator  has  through  the  researches  of  Becker, 
Apathy,  and  Bethe  (cf.  Chapter  XIII)  recently  been  led  to  believe 
that  certain  fibrillar}'  structures  demonstrable  by  special  methods 
within  the  protoplasm  of  the  nerve  cells  are  the  elements  actu- 
ally concerned  in  nene  functions.  On  the  ground  of  as  yet 
rather  meagre  evidence  he  attempts  to  show  that  these  fibrils 
also  exist  outside  of  the  nerve  cells  and  their  processes,  in  cer- 
tain places  in  great  abundance.  It  is  his  opinion  that  the  es- 
sential difference  l>etween  the  gray  matter  and  the  white  matter 
of  the  central  nervous  system  is  not  dependent,  as  those  who 
have  worked  with  (iolgi's  method  contend,  simply  upon  the 
enormous  number  of  cell  bodies,  dendrites,  and  collaterals  in 
the  former  and  the  immense  number  of  medullated  fibres  in 
the  latter,  but  mther  up^m  the  presence  of  a  special  morpho- 
logical constituent.  Since  there  is  much  evidence  that  the 
gray  matter  of  vertebrates  corresponds  to  the  neuropil  of  in- 
vertebrate-*, and  since  in  the  latter  Apathy  asserts  that  he  can 
demonstrate  as  the  priuripal  constituent  a  network  of  naked 
neuro-fibrils  (cf.  V\g.  30,  in  Chapter  VI),  Nissl  thinks  it  likely 
that  the  peculiar  essential  constituent  of  the  gray  matter  of 
vertebrates  is  a  mass  of  these  extracellular  nerve  fibrils  in  the 
sense  of  Apathy  and  Hethe.  To  this  intercellular  substance, 
to^^ether  with  the  neuro-fibrils  in  the  protoplasm  of  the  nerve 
cells  and  their  processes,  he  attributes  the  highest  functions  of 
the  nervous  system.  He  grants  that  our  technique  at  present 
is  absolutelv  insufficient  to  demonstrate  the  actual  character  of 
the  intercellular  substances,  but  believes  that  he  has  brought 
the  proof  that  a  specific  constituent  of  the  gray  matter  actu- 
ally exists  by  a  comparative  study  of  the  cerebral  cortex  of  the 
motor  area  in  man  (Fig.  oO),  dog  (Fig.  00),  and  mole  (Fig.  61). 
It  is  obvious  from  a  comparison  of  these  three  figures  that  the 


♦  .N'i>sl,  F.     XiTvr'nzc'lleii  und  ^raiie  Substanz.      Mflnch.  med.  Wchn- 
schr.,  iia.  xlv,  181)8,  S.  988;  102:i:  1060. 
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higher  the  aDimal  the  fewer  cell  hodies  in  areas  of  gray  matter 
of  equal  size.  Now  this  discrepancy  is  attributed  by  Ramdn  y 
Cajal  and  others  to  the  easily  demonstrable  disproportionality 
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Fio.  59.— Reprodaction  n(  n  phutofpuni  of  a  perpendicular  section  ttiTough  the  tip 
of  thii  hcsd  »f  the  gyruii  ventrHlis  anterior  of  »  hiwltlir  adult  man  cluse  tu 
thefkli.'  Staining  by  N'iwl'K  niethiid,  I,  Ijiycr  piHir  in  eellit,  II.  layer  of 
pyramidul  I'ells.  containine  2  —  luyi-r  cif  HDiall  pyiBmidiLl  celU  ( =  2.  Mey- 
nert'H  layerl  +  S  —  layer  of  lanre  pyramidal  tells  '  —  3.  Meyncrt'ii  Inyori.  III. 
Layer  of  Hniall  ceiliK^i.  Moynerl's  iHyeri.  IV.  InU-nul  (Si  and  extenwl 
(5)  iune  uf  the  layer  of  meilullaled  flhri'S  i  —  5.  Meynert'n  1«jt.tI.  There- 
uiiin  niarke<l  5  cijmwpoiids  to  the  ){angliiiu-rell  hiyer  of  HanlnMrberK  and 
the  n'gion  marked  U  to  the  Hpindle^^ell  layer,  i  .^Fber  F.  Niaal,  Mnneh.  nied. 
Wchnsthr.,  Bd.  ilv,  IBBB.  S.  1037.  Klg.  3. 1 

of  development  of  the  dendrites  and  collaterals  pertaining  to 
the  cerebral  neurones  of  the  diflerent  animals,  but  Sisal  denies 
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the  adequacy  of  this  explanation.  He  aaaerts  that  many  of  the 
fitructurcH  which  appear  to  be,  and  are  described  as,  dendriteg 
of  the  pyramidal  celk  in  Goigi  preparationa  can  not  poasihly 


WHi»«i|..       .. 


^f'^S'i  ?'AiJ;"K''-'y.v  >  :',^-rKi 


■'.  ""  ■^'L 


iiUi*'' 


Via.  80. — RpprodnrHon  of  i»  phirtner.ini  frcim  n  poriH^ntiiciilHr  Lvrticat  sprtion 
thnniRh  Iho  xuniiuil  of  the  Rj-nis  jiiat  in  fn.iil  iif  thu  sulcus  cruciutus  of  n 
adult  ilog  I'liiH'  to  the  falx.  SiHiiiiiiR  liy  the  uii'thinl  cjf  Nbctl.  1  =  rortiial 
Inycr  ftm  frtilii  rpll» :  3.  KUhdlTlsll>U-  into  n  numiwiT  i-xtcrnal  and  a  bniHd«r 
Inttimal  zouc.  but  in  iiu  way  honiiiliiKii'al  with  II  of  Fig.  59.  On  th«  olhrr 
hunil,  SlnI''iK.mciirn'»iiiniclKti>3iliFiK.lll;  3  in  FIr.  AO  ivrrrapanOs  to  4  in 
1^.61;  14-1-51  =  L»VTi>f  DHHlulbitiKl  lllntwnirniqHir.illiiK  tiiS  +  flin  flf(.  SB. 
nnd  HK>«iS'-«in  (Ir.  HI.  ThHtiH.4iu  Fitr.  DOt-iirn-HiHindii  to  K  in  Pifc.  »i. 
wliili-  a  in  Hk-  so  =  0  in  Vix.  HI.  <  Afti-r  F.  Ximl.  Mnui-h.  mrd.  Wchtuwhr., 
al.  ilv.  1«M,  «.  littT.  KiK-  4. 

be  dendrites  at  all,  and  maintains  that  in  any  case  in  layer  II 
(Meynert's  2.  and  3.  layi-r.s)  of  Fig.  5!l,  there  miiat  be  a  sub- 
stance present  wJiirh  in  i-titirely  absent  or  at  moat  present  in 
but  small  amounts  in  th<r  homologous  layer  in  Fig.  60  and  Fig. 
61.  A  difference  in  the  niimWr  of  nerve-cell  processes,  glia 
cells,  and  gHa  fibre-  >!tiffi'ient  to  a<-couril  for  the  inequality  in 
the  different  apuKiw-u-  U.  Uf.  believe^),  absolutely  impossible. 

This  view  of  .Xi^-l'f  i:  ':<-rr.ainly  most  Interesting,  and,  com- 
ing from  MO  hiirlj  a  -ourc':,  worthy  of  the  moat  thoughtful  con- 
sideration.    Should  it  tuni  out  that  I>eside8  tbo  nerve  cells  (or 
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neurones)  and  the  glia  cells  and  their  fibrils  these  peculiar  inter- 
cellular substaDces  do  really  exist,  the  writer  confesaea  that  he 
would  not  he  much  surprised.  Nor  is  it  unthinkable  that  inter- 
cellular subatances  in  the  nervoua  system,  if  present,  could  be  of 
the  highest  functional  importance,  for  in  other  tiasues  we  have 
not  a  little  evidence  that  intercellular  substances  play  an  impor- 
tant role  in  physiological  processes.  One  has  only  to  remember 
the  fluids  of  the  blood  and  the  fibrils  of  the  connective  tissues, 
for  example  of  tendons,  to  satisfy  himaelf  in  this  regard.  Xo 
one,  however,  hesitates  on  this  account  to  believe  that  blood  cells 
and  connective  tissue  cells  exist,  and  that  they  are  of  paramount 
importance;  aimilarly,  even  were  in  tern  euro  nal  aubstances  of 
great  functional  significance  demonstrated  in  the  nervous  sys- 


Fia  81  Rrproilii  t  n  uf  a  photojtram  C  a  perpenrt  ulnr  sett  n  IhrouKh  the 
cerebml  rorU  i  of  a  mo  c  I  mm  n  Tront  f  the  rue  al  nut  n  low  to  tho 
ThIx  tMa  ninK  by  the  mcthnd  of  I>  til  1  eitemal  btyrr  fm  frum  cells ; 
2,  chanivt*  riHtic  tvp<.  tceU  Hirangt  roent  all  cortiful  aimn  c  nn  vtcd  with 
the  oldK-t  rlUB,  -HpivUllljr  In  tht  I  bua  |  yrif  nii»3  3fFgeO,  except 
the  thin  (^11  layer  ndj  i  k  th  ell  free  ay  r  whi  h  rtn  n  b<  nlill  of  2 
iTI'kHI  4  anftKBO  &  4ofFeaO  6  SfbKaO.  {Atler 
t   NubI  M  n  h   n  ■<!  W  hnmhr    Bil   xl     INB8   1  HC  7   h  k  5 

tern,  no  one  surely  would  draw  the  absurd  conclusion  that 
nerve  cells  or  neurones  do  not  exist,  or  that  they  are  of  but 
little  functional  value. 

Brief  reference  only  is  necessary  to  the  hypothesis  of  Habl- 
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Ri'ickhard  *  and  the  modifications  and  extensions  of  it  by  Du- 
val,! Tanzi,  and  others.  J  The  whole  doctrine  by  means  of  wliich 
sleep,  anaesthesia,  the  phenomena  of  hysteria,  double  person- 
ality, etc.,  are  to  be  explained  by  amoeboid  movements  of  the 
dendrites,  or  the  so-called  "  retraction  theory,"  appears  to  be 
based  upon  (1)  the  single  observation  of  Wiedersheim  with  re- 
gard to  amoeboid  movements  of  the  processes  of  nerve  cells  in 
transparent  animals  like  Lepfodora  liyalimi  and  (2)  the  undu- 
latory  movements  of  the  distal  processes  of  the  olfactory  periph- 
eral neurones.  The  idea  has  been  severely  criticised  by  von 
KoUiker,^  and  it  is  worthy  of  note  that  a  theory  so  feebly  sup- 
ported by  facts  has  been  so  widely  accepted  and  made  the  basis 
of  a  mass  of  clinical  generalizations. 

*  Habl-Httckhard,  U.  Sind  die  Ganglienzellen  ameboid?  Eine  Ily|K>- 
these  zur  Meehanik  psychischer  Vorgiinge.  Neurol.  Centralbl.,  Leipz.,  Bd. 
ix  (1890),  S.  199. 

f  Duval,  M.  Hypotheses  sur  la  physiologic  des  centres  nerveux  ;  theorie 
histologique  du  soinmeil.  Conipt.  rend.  Soe.  de  bioL,  Par.,  1895, 10.  s.,  ii,  pp. 
74-77. 

X  Tanzi.  I  fatti  e  le  iuduzioni  ncll*  odierna  istologia  del  sistema  nervoso. 
Rivista  sperim.  di  freuiatria,  vol.  xix  (1898). 

*  von  KoUiker,  A.  Kritik  der  Ilypothesen  von  Rabl-RUckhard  und 
Duval  liber  amoboidc  Bewegungen  der  Neunnlendren.  Sitzungsber.  der 
phys.-med.,  Gesellsch.,  WOrzburg  (1895),  9.  MSrz. 


SECTION   ITT. 
THE  INTERNAL  MORPHOLOGY  OF  NEURONES. 


CHAPTER   X. 


STUDIES    BY    METHODS   WHICH    REVEAL  THE   INTERIOR   OF 

NEURONES. 

Internal  morphology  of  neurones — Investigations  of  Reroak,  Max  Schultze, 
and  others — Doctrine  of  a  fibrillary  structure — Studies  of  Flemming 
and  Dogiel — Method  of  Nissl — Stainable  and  unstainable  substances  of 
Nissl — Investigations  of  von  Lenhossek. 

Sufficient  has  been  said  to  make  apparent  the  extraor- 
dinary significance  of  the  methods  of  Golgi  and  of  Ehrlich 
for  the  investigation  of  the  nerve  structures.  Certain  it  is, 
that  with  regard  to  the  external  form  of  the  neurones,  the  gen- 
eral interrelations  of  these  cells  and  their  processes,  the  origin 
of  peripheral  nerve  fibres  from  cells  in  the  nerve  centres,  and 
the  establishment  of  the  existence  of  channels  accessory  to  the 
main  conduction  by  means  of  collaterals,  these  methods  have 
led  to  clearer  and  more  definite  knowledge  than  any  others 
hitherto  employed. 

But  a  knowledge  of  the  external  form  and  connections  of 
nerve  cells  is  by  itself  necessarily  insufficient,  and  if  we  are  ever 
to  gain  any  adequate  idea  of  the  relation  of  the  morphology  of 
nerve  cells  to  their  complex  functions,  the  methods  described 
must  be  supplemented  by  others  which  enable  us  to  penetrate 
into  the  interior  of  the  individual  neurones,  and  to  become  ac- 
quainted with  the  structure  of  the  protoplasm  of  which  they 
are  made  up.  Here  we  enter  one  of  the  most  obscure  domains 
in  the  whole  of  histology.  We  stand  before  the  cells  and  their 
ultimate  structure  in  the  position  occupied  by  histologists  a 
century  ago  as  regards  the  individual  organs  and  tissues.  The 
desirability  of  becoming  conversant  with  the  morphological  re- 
lations existing  inside  the  nerve  cells  becomes  all  the  more 
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obvious  when  one  thinks  of  the  possibility  of  ultimately  being 
able  to  trace  a  direct  bearing  of  these  upon  function.  When 
we  remember  not  only  the  functions  which  the  nerve  cell  pos- 
sesses in  common  with  all  cells,  but  also  the  remarkable  capacity 
it  exhibits  for  responding  to  external  irritation,  and  apparently 
for  recording  and  reproducing  the  happenings  which  go  on 
within  it,  processes  which  in  groups  of  neurones  we  recognize 
in  what  we  call  habit  and  memory,  the  significance  of  such  a 
possibility  becomes  evident. 

Let  us  turn  for  a  few  moments  to  a  consideration  of  the 
studies  which  have  already  been  made  with  the  object  of  gain- 
ing an  insight  into  the  internal  structure  of  nerve  cells.  About 
half  a  century  ago,  Remak*  called  attention  to  a  fibrillary 
structure  inside  the  axis  cylinder  and  cell  body  of  certain  of 
the  nerve  cells ;  this  was  afterward  further  studied  by  Wolter 
and  Leydig  in  invertebrates,  and  by  Beale,  Frommann,  Deiters, 
Kolliker,  and  others  in  vertebrate  tissues,  but,  it  must  be  con- 
fessed, with  no  very  complete  agreement  among  the  various  in- 
vestigators. 

The  most  notable  of  the  earlier  researches  are  those  of  Max 
Schultze.f  This  observer  studied  nerve  cells  and  nerve  fibres 
from  ditferent  parts  of  the  central  nervous  system  of  different 
animals,  and  has  given  us  an  elaborate  description  of  his  find- 
ings, which,  by  the  way,  have  done  much  to  influence  the 
articles  in  the  text-books  ever  since.  The  fibrillary  nature  of 
the  axis-cylinder  process  had  been  described  before,  but  Max 
Schultze  asserted  that  portions  of  the  whole  cell  body  are 
fibrillary,  and  further,  that  the  fibrils  are  to  be  found  within 
all  the  processes  of  nerve  cells  and  not  simply  in  the  axis 
cylinder.  The  differences  in  appearance,  he  thought,  depend 
upon  the  amount  of  interfibrillar  granular  substance  present. 
This  substance,  he  states,  is  scanty  in  the  axis-cylinder  pro- 
cesses, while  in  portions  of  the  cell  body  and  in  the  pro- 
toplasmic processes  it  is  often  abundant.  An  idea  of  Max 
Schultze's  roncoption  nan  be  gained  from  a  study  of  the  illus- 
tration of  the  larire  nerve  cell  from  the  brain  of  the  tor- 
pedo taken  from  his  article  (Fig.  02).     Schultze  asserted  that 


♦Kemak.  U.  Nourolocriscbe  ErlUutorungen.  Arch.  f.  Anat.,  Physiol. 
u.  wi^csenscli.  Mod.,  Berl..  1844.  S.  403-472. 

fStnVkor,  S.  A  MHiinal  of  Histology,  American  transl.  8vo.  New- 
York,  1872,  pp.  134  ei  seq. 
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the  fibrils  which  he  described  can  easily  be  made  out  in  fresh 
cells  prepared  in  serum  without  any  staining  or  fising  reagent, 
but  that  they  are  best  demonstrated  by  bichromate  solutions. 
He  further  added  that  the  nucleus  lies  imbedded  in  the  finely 
granular  fibril lated  material 
of  tilt!  central  part  of  the 
cell,  but  does  not  appear  to 
etnnd  in  any  direct  connec- 
tion with  the  distinct  fibrils 
covering  the  exter- 
nal surface.  It  was 
also  his  idea  that 
the  fibrils  which 
compose  the  axis 
cylinder  result 
from  the  collection 
into  a  group  of  the 
fibrils  from  the  ar- 
borescent processes 
of  the  cell ;  that  is 
to  say,  that  the 
fibrils  which  are 
seen  traversing  the 
substance  of  the 
ganglion  cell  do 
not  originate  in  the  cell, 
but  only  undergo  a  kind  of 
arrangement  in  it,  and  then 
pass  to  the  axis  •  cylinder 
pro'CiiB  or  extend  into  the 
Flo  «i.-Oa,,Kiion™ii  from  the  ri™tric  lobe  Other  branched  processes.* 
of  Ihehrain  of  the  torpedo  as  pictured  by  In  view  of  what  we  know 
Max  Hchultzr.    a,  axisK'yliudor  proctea:  ^    ..  .         .  . 

b,  protoplBMoic  procesHTB.  now  Of   the    Structure    of 

nerve  cells,  and  of  what  can 
be  made  out  with  the  methods  he  employed,  it  is  almost  incon- 
ceivable how  Max  Schultze  could  have  seen  nerve  colla  as  they 
appear  in  his  figures  (Fig.  fi2).  That  his  view,  however,  is  sur- 
prisingly near  that  held  as  the  result  of  some  of  the  most  recent 
researches  can  not  be  denied.     The  study  of  the  bibliography 
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since  his  time  is  rendered  difficult  by  the  fact  that  different 
observers  have  used  ditferent  terms  to  indicate  the  same  thing 
— in  fact,  nowhere  in  histology,  perhaps,  has  there  been  more 
confusion  than  in  dealing  with  the  granules  and  fibrils  within 
nerve  cells. 

The  doctrine  of  the  fibrillary  structure  of  the  nerve  cell  was 
supported  strongly  by  Boll,  Schwalbe,  and  Ranvier.  This  view 
soon  met  with  opponents,  however,  among  whom  Anidt  and 
Key  and  Retzius  were,  before  Xissl's  jDublications,  the  most  im- 
portant. The  first,  in  1874,*  describing  the  structure  of  the 
spinal  ganglion  cells,  spoke  of  the  presence  in  them  of  different 
kinds  of  "  elementary  spherules,"  which  varied  in  size  and  in 
general  appearance.  Key  and  Retzius  f  declared  that  the 
ground  substance  of  the  spinal  ganglion  cell  was  homogeneous^ 
but  that  in  it  numerous  strongly  refractive  round  or  oval  granules 
were  present ;  and  they  thought  that  the  appearance  of  a  con- 
centric striation  or  fibrillation  could  be  simulated  through  the 
arrangement  of  these  granules  in  rows.  Flemming,  in  1882,J 
saw  granules  within  the  cells  which  would  stain  with  nuclear 
dyes,  azo  dyes,  and  hematoxylin,  but  nevertheless  affirmed  a 
fibrillary  structure  of  the  central  cells,  and  of  a  tortuous  or 
much-curved  threadwork  within  the  spinal  ganglion  cells  be- 
tween the  granules.  He  did  not  believe,  however,  that  in  the 
spinal  ganglion  cells  there  were  long  connected  fibrils,  such  as 
the  earlier  observers  had  described,  but  thought  that  the  cell 
body  was  in  the  main  constituted  of  numerous,  evenly  dis- 
tributed, very  short  threads,  which  showed  sometimes  fiiner  or 
coarser  thickenings  upon  them,  observations  which  were  sup- 
ported subsequently  by  E.   Mi'iller.*^     Flemming  has  recently 

*  Anidt,  R.  Untersuchuiigen  liber  die  Ganplicnkorf)er  des  Nervus  sym- 
pathicus.     Art'h.  f.  mikr.  Anat.,  Bonn,  Bd.  x,  1874,  S.  208-241. 

f  Key,  E.  A.  11.  and  G.  Ketzius.  Stndien  in  der  Anatomie  des  Nervensys- 
tenis  und  des  Bindegewebcs,  4t(>,  Stockholm,  1H7C. 

J  Flemming,  W.  BeitrRge  zur  Anat.  u.  Embryol.  als  Festgabe  ftir  J. 
Henlc.  1H82,  Bonn,  S.  12.  In  (his  artiele  tlie  previous  bibliography  is 
thoroughly  reviewed.  Cf.  also,  Ueber  den  Bau  der  Spinal ganglienzellen  bei 
Sfiugethieren,  und  Bemerkungen  Uber  den  der  centralen  Zellen.  Arch.  f.  mikr. 
Anat.,  Bonn,  1805,  Bd.  xlvi,S.  379-394,  and  Die  Struct ur  der  Spinalganp:lien- 
zellen  V>ei  Silugetieren.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxix  (1897), 
H.3,S.  969-974. 

*  Milller,  Erik.  Untersuchungen  iiber  den  Bau  der  Spinalganglien» 
Nonl.  Med.  Ark.,  Stockholm,  1891,  n.  F.,  i,  1-55. 
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published  two  other  articles  *  in  which  he  warmly  supports  the 
doctrine  that  fibrils  exist  inside  the  nerve-cell  protoplasm  In 
Fig.  03,  taken  from  one  of  these  the  fibrils  are  pictured 
Kronthal  and  Dogiel  have  ^ 

o  expressed  themselves  in  ji^f?^  ^—^ 

favor  of  the  view  of  a  fibril        dfvif ''^^<;-.3'^Sl\,'v 


(now   1 

von 

burg,  r 

vigorous  opponents.  In  that 

year    Nissl   published    the 

first  of  a  series  of  articles  f 

in  which  he  laid  stress  upon 

the  appearances  to  be  made 

out  in  tissues  hardened  in 

alcohol  and  stained  in  basic 

anilines,  such  as  magenta  ^''7 

rpd      nnrt    mpthvlpnp    liliiP     Fw  «3 —Nerve  cell  from  the  region  of  the 

rea      ana    metnyiene    Ulue  ventral  columu  of  gray  nutttr  of   the 

Although     the     structures       sp  "I  «"!  f(  utw,    subliuatefiuit  n 

,  .,",  ,       ,_,.     ,  ,      J  ,  h»natniyli       atmi   ng        (Afur     Him 

described  by  A  ISSl  had  been  n  mg  )    The  ai  ■  e  ih  mi  n  c  n   ng  off  fr<  m 

«>iHDi-vnH     D«i-T!pr    hv     Plom  the  I  wer    ndofthecell       In  thi  Hione 

Observed   earlier   t)y   tiem-       and  at  iis  .muiii  iu  the  cell  body  «  m.ril- 

mine  and    by  Benda,  it  was  lary  a|)pi«ram-e  m  min      in  the  inurinr 

.,",,,■'.  :  ofthc  cell  IxHly  the  Kpiinlle-KhapedKninu- 

throngh      the     introduction  lar  duuhcs  an-  do^ly  BtHiiuil,  while  be- 

ot  Xirf.  method.,  which      S™S™ii',"*  -  "SSrSf'  '"' 
bring  them  especially  well 

into  view,  that  their  arrangement  in  the  protoplasm  and  their 
significance  for  the  function  of  the  cell  could  first  be  studied. 

*  Flemming.  W.  Ucber  die  Stniktiir  centraler  Nerveniellcn  bei  Wir- 
beltieren.    Anat.  Hotte,  I.  Abth.,  IB.  Heft  (Bd.  vi.  H.  3). 

t  The  principal  contributions  of  Franz  Nissl  concerning  the  structure  of 
nerve  cells  are  the  foUowing:  Ueber  die  UDt«rsuchungsmethi>dcn  derGross- 
himrinik.  Tftgebl.  d.  ,"58.  Versainml.  deutsch.  Natnrf.  u.  Aerate  in  Strassburg 
(1885),  S.  506.— I'eber  den  Zusammcnhaiig  von  Zellstructur  und  7*l|[unction 
in  der  centralen  Nervenzelle.  Tagebl.  d.  01.  Versaiiiml.  doutsch.  Naturf,  u, 
Ae»te  in  KOln  (1888).— Div  Kerne  (lea  Thalamus  In^im  Knninchen.  Tagcbl. 
der  63.  Versammt.  ileutsch.  Naturf.  u.  Aerzte  in  Heidelberg  (1889).— Ueber 
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NissFs  early  methods  consisted  of  staining  tissues  hardened  in 
alcohol  with  Magenta  red  or  methylene  hlue  and  clearing*  in  oil  of 
origanum.  The  method  has  undergone'  several  modifications,  the 
most  recent  of  which  will  he  given  here,  inasmuch  as  it  does  not 
seem  to  he  so  generally  known  as  it  should  he.  In  an  article  *  pub- 
lished in  1894  Nissl  describes  it  as  follows:  Small  blocks  of  tissue 
are  hardened  in  ninety-six  per  cent  alcohol  and  fastened  by  Wei- 
gei*t^s  method  with  gum  arable  without  imbedding.  The  sections 
are  received  in  ninety-six  per  cent  alcohol  and  stained  in  a  watch 
glass.  The  stain  is  to  be  heated  over  the  spirit  fiame  until  small 
bubbles  arise  which  make  a  crackling  noise  (65® — 70"  C.)  ;  sections 
are  then  transferred  to  aniline-oil  alcohol  until  diiferentiated.  The 
process  of  differentiation  is  ended  when  no  more  coarse  clouds  of 
color  go  off  into  the  fluid.  The  section  is  then  transferred  to  the 
slide,  dried  with  filter  paper,  after  which  some  drops  of  oil  of  caje- 

die  Ver^nderungen  der  Nervenzellen  am  Facialiskern  des  Kaninchens  nach 
Ausreissung  des  Nerven.  Allg.  Ztschr.  f.  Psychiat.,  etc.,  Berl.,  Bd.  xlviii 
{1891-92),  S.  197. — Ueber  experimentell  erzeugte  Veranderungen  an  den  Voi^ 
derhomzellen  des  Rtlckcnmarkes  bei  Kaninchen  mit  Demonstration  mikro- 
skopischer  Pr&parate.  Allg.  Ztschr.  f.  Psychiat.,  etc.,  Berl.,  Bd.  xlviii  (1891- 
^92),  S.  675-682. — Mittheilungen  zur  Anatomic  der  Nervenzellen.  Allg. 
Ztschr.  f.  Psychiat.,  etc.,  Berl.,  Bd.  1  (1893).— Ueber  Rosin's  neue  Fftrbe- 
methode  des  gesarainten  Nervensystems  und  dessen  Bemerkungen  tkber 
Oanglienzellen.  Neurol.  Centralbl.,  Leipz.,  Bd.  xiii  (1894),  S.  98 ;  141. — Ueber 
<eine  neue  Untersuchungsmethode  des  CentralorgansspeciellzurFeststellang 
der  Legalisation  der  Nervenzellen.  Centralbl.  f.  Nervenh.  u.  Psychiat.,  Co- 
blenz  u.  Leipz.,  n.  P.,  Bd.  v  (1894),  S.  337-344 ;  also  in  Arch.  f.  Psychiat.,  Berl., 
1894,  Bd.  xxvi,  S.  597-612. — Ueber  die  sogenanuten  Granula  der  Nervenzel- 
len. Neurol.  Centralbl.,  Leipz.,  Bd.  xiii(1894),S.  676;  781;  810.— Mittheilungen 
nber  Karyokinese  im  centralen  Nervensystem.  Allg.  Ztschr.  f.  Psychiat., 
etc.,  Berl.,  Bd.  li,  1894,  S.  245. — Bemhard  von  Gudden's  hirnanatomische 
ExperimentAluntersuchungen.  Allg.  Ztschr.  f.  Psychiat.,  etc.,  Berl.,  Bd.  li, 
1894,  S.  527-549.— Der  gegenwartige  Stand  der  Nervenzellen-Anatomic 
und  Pathologic.  Centralbl.  f.  Nervenh.  u.  Psychiat.,  Coblenz  u.  Leipz.,  n. 
P.,  Bd.  vi  (1895),  S.  1-21.— Ueber  die  Nomenklatur  in  der  Nervenzellen- 
anatomie  und  ihre  nfichsten  Ziele.  Neurol.  Centralbl.,  Leipz.,  Bd.  xiv  (1895), 
S.  66 ;  104.— Mittheilungen  zur  pathologischen  Anatomic  der  Dementia  para- 
lytica. Arch.  f.  Psychiat..  Berl.,  Bd.,  xxviii,  1896,  S.  987-992.— Ueber  die 
Veranderungen  der  Nervenzellen  nach  experimentell  erzeugter  Vergiftung. 
Neurol.  Centralbl.,  Leipz.,  Bd.  xv  (1896).  S.  9.— Ueber  die  Ortlichen  Bauver- 
schicdenheiten  der  Ilirnrinde.  Arch.  f.  Psychiat.,  Berl.,  Bd.  xxix,  1897,  S. 
1025-1027. — Die  Hypothese  der  specifischen  Nervenzellenfunction.  Allg. 
Ztschr.  f.  Psychiat.,  etc.,  Berl.,  Bd.  liv  (1897),  S.  1-107.— Ueber  Nervenzellen 
und  grauc  Substanz.  Mlinchen.  med.  Wchnschr.,  Bd.  xlv,  1898,  S.  988,  1Q23, 
1060. 

♦  Centralbl.  f.  Nervenh.  und  Psychiat.,  1894. 
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put  are  applied  and  the  sections  are  again  blotted  with  filter  paper. 
A  few  drops  of  benzine  are  poured  on,  then  some  benzine-coloplio- 
niuui,  and  the  slide  is  heated  until  all  the  benzine  gas  has  been 
driven  oflP. 

The  dye  is  made  as  follows  :  Methylene  blue  B.  pat.,  3.75  ;  Vene- 
tian soap,  1.75  ;  distilled  water  or  soft  water,  1,000.  The  differen- 
tiating fluid  has  the  following  composition :  Ten  parts  of  colorless 
aniline  oil  and  ninety  parts  of  ninety-six  per  cent  alcohol.  Nissl 
obtains  his  aniline  oil  directly  from  the  factory  at  Hochst,  and 
keeps  it  carefully  protected  from  tlie  light 

The  benzine-colophonium  is  prepared  by  pouring  benzine  upon 
colophonium  (white  rosin)  and  allowing  it  to  stand  for  from 
twenty -four  to  thirty  hours.  The  fluid,  transparent  mass  which 
results  is  ready  for  use ;  the  desired  thickness  can  be  obtained 
either  by  the  addition  of  benzine  dr  by  allowing  it  to  evaporate. 
In  mounting,  while  driving  off  the  benzine  gas,  the  material  may 
catch  fire,  but  if  the  flame  be  blown  out  immediately,  no  injury  is 
done,  and  the  alterations  produced  by  burning  are  quite  character- 
istic and  easily  recognizable. 

The  method  of  Nissl  permitfe  in  some  respects  of  a  very  ex- 
act morphological  analysis  of  the  bodies  and  nuclei  of  the  cells. 
His  method  of  elective  staining  distinguishes  within  the  cell 
bodies  always  two,  sometimes  three,  constituents  which  are 
sharply  separable  from  one  another  and  easily  recognizable. 
One  of  these  constituents  of  the  protoplasm  stains  intensely 
blue  by  his  method,  and  is  spoken  of  by  Nissl  as  the  stainable 
or  visible  formed  part  of  the  nerve  cell.*  The  second  con- 
stituent remains  entirely  unstained  and  is  spoken  of  by  him  as 
the  unstainable — ^that  is,  the  visible  unformed  pai*t  of  the  nerve- 
cell  body.  In  addition  to  these  two  constituents,  in  many  nerve 
cells  the  well-known  pigmentary  deposits  are  visible. f     Leaving 


♦  Nissl  says :  "  BruchstOcke  des  ffirbbaren,  id  est,  des  sichtbar  geformten 
Theiles  des  Nervenzellenkorpers."  Neurol.  Centralb.,  Leipz.,  Bd.  xiii  (1894), 
S.  676. 

f  The  substances  which  stain  black  with  osmic  acid  in  many  nerve  cells, 
well  known  to  all  who  have  employed  the  method  of  Marchi  in  the  study  of 
human  nerve  centres,  have  recently  been  made  the  object  of  especial  re- 
search by  Rosin.  Cf,  Rosin,  11.  Ein  Beitrag  zur  Lehre  vom  Bau  der 
Oanglienzellen.  Deutsche  med.  Wchnschr.,  Leipz.  u.  Berl.,  Bd.  xxii,  1896, 
S.  495-497.  Similar  structures  are  abundant  in  the  ganglion  cells  of  the 
monkey,  as  I  can  assert  from  specimens  shown  to  me  by  Dr.  Melius. 
This  pigment  appears  as  lipht  yellowish  masses  in  the  large  motor  celN  of 
the  ventral  horns  of  the  spinal  cord  and  in  the  motor  nuclei  of  the  me- 
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the  pigment  for  the  time  being  out  of  consideration,  much  is  to 
be  learned  from  a  study  of  the  characters  of  the  stainable  portion 
and  its  relation  to  the  non-stainable  portion  of  the  cell  body  in 
different  cells  in  various  parts  of  the  central  nervous  system, 
and  upon  such  studies  Xissl  has  built  up  an  elaborate  classifica- 
tion of  nerve  cells.  This  will  be  referred  to  in  the  next  chap- 
ter. Anv  one  who  takes  the  trouble  to  use  Xissl's  method  in 
the  way  that  he  has  directed  can  easily  convince  himself  of  the 
reliability  of  his  descriptions.  The  stainable  portions  in  the 
nerve  cells  show  a  series  of  different  forms  ;  smaller  and  larger 
granules  of  regular  or  irregular  shape,  groups  of  granules,  and 
rows  of  granules  can  be  made  out.  Often  the  stainable  masses 
are  arranged  in  threads,  sometimes  smooth,  sometimes  rough, 
and  varying  in  thickness,  course,  and  length.  Often  larger 
structures,  regularly  or  irregularly  shaped,  are  to  be  seen,  which 
stain  with  varying  degrees  of  intensity.  Some  of  them  appear 
homogeneous ;  others  show  an  internal  constitution,  complex 
and  difficult  to  describe.  Of  the  larger  bodies,  three  varieties 
are  especially  noteworthy : 

(1)  The  so-called  nuclear  caps  {KernJcappen)y  stainable 
masses  which  possess  the  form  of  regular,  sometimes  of  irregu- 
lar cones,  each  hollowed  out  internally  like  a  cap,  correspond- 
ing to  one  pole  of  the  nucleus  upon  which  it  sits.  There  may 
be  two  of  these  nuclear  caps  within  one  cell  body,  correspond- 


dulla;  ill  tlie  pyramidal  cells  of  Betz  in  the  cerebral  cortex;  in  the  cells  of 
the  nucleus  dorsal  is  and  in  other  parts  of  the  central  nervous  system.     Curi- 
ously enough,  when  the  pigment  is  present  in  masses  in  the  nerve  cell  the 
tigroid  aggregations  apjiear  to  be  absent  from  a  portion  of  the  protoplasm  in 
which  the  pigment  is  situated.     The  pigment  here  described  is  not  identical 
with  that  of  the  locus  ca'ruleus,  the  substantia  nigra,  the  substantia  ferrug^inea^ 
etc.     The  relati<»n  of  the  substance  or  substances  here  concerned  to  what  we 
have  been  accustomed  to  look  upon  as  pigmentary  deposits  should  be  fur- 
ther investigated.     Rosin  believes  that  the  pigmentary  substance  is  allied 
to  fat.     It  nnt  only  stains  black  with  osmic  acid,  but  if  the  tissue  be  previ- 
ously treat e<l  with  alcohol  and  ether  the  osmic  rea(?tion,  it  is  said,  is  not- 
obtainable.    Acet  ic  aci<l  has  no  effect  upon  the  reaction.    According  to  Piles, 
OWrsteiner,  and  others,  the  light  yellow  pigment  appears  at  different  peri- 
ods of  life  in  (lifTerent  nerve  cells  :  thus  in  the  cells  of  the  spinal  ganglia  it 
is  first  fouinl  at  the  sixth  year,  while  in  the  spinal  cord  it  appears  first  at  the 
eighth  year  of  life.     As  age  advances  the  amount  of  pigment  in  the  iierve 
cells  gradually  increases,  a  fac.-t  entirely  consonant  with  the  idea  that  the 
[lignient.  is  a  n-sult  of  catabolic  metabolism.     Van  (iieson  refers  to  the  pig- 
ment as  **  metuplasm  granules." 
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ing  to  two  opposite  nuclear  poles,  and  occasionally,  according 
to  Xisal,  cells  are  seen  in  wliich  three  such  caps  are  present. 

(3)  So-called  wedges  of  division  (  Verzweigu>igsi:egeln),st&iQ- 
able  masses  which  fill  completely  the  angle  at  the  point  of  divi- 
sion of  a  nerve-cell  process. 

(3)  Spindles,  oblong  or  spindle-shaped  stainable  masses  which 
are  thick  in  the  middle  and  become  thinner  toward  the  end, 
occasionally  running  out  into  threadlike  fornis.  Oue-sided  and 
double-sided  spindles  exist. 

Any  one  of  these  forms  may  be  vacuolated,  as  has  been 
pointed  out  by  Nissl,  von  Lenhoss^k,  Held,  and  others. 

Von  Lenbossek,  who  has  also  strongly  opposed  the  idea  of  a 
fibrillary  structure  for  nerve  cells,  has  in  the  second  edition  of 
his  book  *  given  us  a  very  accurate  description  of  the  appear- 


Pio.  U.— Large  ir 


ances  within  the  cells  of  the  ventral  horn  and  the  cells  of  the 
spinal  ganglia.  Ventral  horn  cells,  examined  fresh  or  in  an  in- 
different fluid,  show  little  if  any  structure.  The  protoplasm  is 
eccn  as  a  smooth,  glistening.  iiKlistinctly  granular  substance  in 


♦von   l*nho»sSk,  M.      Der  leinere  Iteii  ilea  Nerve nsjstem: 
neuester  Forschuogen,  Ste  Aufl.,  Berlin,  1809. 
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which  sometimes  a  slight  concentric  arrangement  and,  in  the 
region  of  the  processes,  an  indistinct  longitudinal  striation  can 
be  made  out.  The  yellowish  granular  pigment  is  very  eTident 
in  the  fresh  cells.  As  a  staining  method,  von  Lenhossek  has 
found  that  thionin  (Fig.  64)  yields  results  as  good  as,  if  not  better 
than,  those  obtained  with  methylene  blue,  and  my  own  experi- 
ments with  this  dye  have  been  equally  satisfactory,  though  in 
my  experience  crystalline  deposits  have  been  more  frequent  in 
preparations  stained  with  thionin  than  in  those  stained  with 
methylene  blue.  Von  Lenhossek  very  properly  objects  to  the 
term  "  granules  "  for  the  stainable  substance,  the  masses  ordi- 
narily referred  to  being  much  too  coarse  to  be  so  designated.  He 
has  pointed  out,  further,  the  differences  in  appearance  dependent 
upon  thickness  of  section  and  upon  whether  the  median  or  tan- 
gential be  the  mode  of  sectioning  employed.  He  has  described 
the  differences  in  size  and  concentration  of  the  stainable  masses  in 
different  animal  species,  and  states  that  the  chromophile  masses 
are  especially  coarse,  both  relatively  and  absolutely,  in  the  ven- 
tral-liorn  cells  of  the  rabbit.  He  has  laid  stress  upon  the  dif- 
ferences in  appearance  in  the  different  parts  of  the  ceU ;  thus, 
the  arrangement  in  the  centre  is  often  quite  different  from  that 
visible  at  the  peripliery  of  the  cell  body,  and  the  stainable 
masses  in  the  dendrites  again  show  different  characters.  He 
has  further  pointed  out  differences  in  internal  character  be- 
tween the  typically  stellate-shaped  cells  of  the  ventral  horns  and 
the  oval  elements  which  are  met  with  there,  and  attributes  the 
differences  in  shape  of  the  "chromophile  corpuscles,"  as  he 
calls  the  masses  of  stainable  substance,*  to  developmental  rela- 

*  The  stainable  substance  of  Nissl  has  recently  been  designated  **  ti|^^roid  " 
(from  the  Greek  word  nypo^i^^s,  spotted)  by  von  Lenhossek,  in  an  article 
entitled  Ueber  Nervenzellenstructnren.  Verhandl.  d.  anat.  Gesellsch.,  Jena, 
1896,  Bd.  X,  S.  15-21.  Van  Gieson  in  his  publications  refers  to  it  as  the 
"collagenous  substance."  In  his  article  in  the  Mftnehener  medicinische 
Wcx?henschrift  of  August,  1898,  Nissl  urges  that  a  whole  series  of  different 
substances  which  behave  differently  both  morphologically  and  tinetorially 
in  the  "  equivalent  picture  "  are  represented  by  what  he  calls  the  "  stainable 
substance."  He  thinks  it  very  wrong  that  these  should  be  thrown  all  to- 
gether and  designated  either  "  Nissl's  substance  "  or  "  tigroid  substance.** 
Fie  is  willing,  however,  that  the  stainable  substance  of  the  motor  nerve  cells 
be  called  "  Nisslsubstanz,"  and  that  that  of  the  spinal  ganglion  cells  be  re- 
ferro<l  to  as  •'  Tigrnidkr)ri)r'r."  Until,  however,  we  know  more  abont  the 
substances  in  the  neurones  which  stain  blue  by  the  method  of  Nissl  we  need 
trouble  ourselves  but  little  with  regard  to  such  refinements  of  terminolod^* 
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tions.  De  Quervain  *  has  suggested  that  all  the  chroinophile 
bodies  represent  multiples  of  fine  granules,  and  von  Lenhossek 
admits  that  the  bodies  are  rarely  limited  by  a  sharp  line,  but 
that  they,  as  a  rule,  show  irregular,  often  jagged,  margins,  and 
often  look  at  their  borders  as  though  they  were  broken  up  into 
small  granules.  He  refuses  to  admit,  however,  that  all  such 
bodies  represent  aggregations  of  minute  granules,  a  point  about 
which  more  will  be  said  when  the  work  of  Held  is  discussed. 
Von  Lenhossek  has  studied  with  care  the  relations  of  the  Xissl 
bodies  in  the  dendrites,  and  finds  that  from  always  being  few  in 
number  they  cease  to  appear  at  a  certain  distance  from  the  cell 
body,  and  as  soon  as  the  dendrite  has  reached  a  certain  thin- 
ness.  In  the  dendrites,  their  shape  and  general  appearance  are 
quite  different  from  those  of  the  interior  of  the  cell  body  ;  they 
form  long,  narrow,  straight,  rod-shaped  masses,  often  sharpened 
distinctly  at  the  ends,  so  as  to  form  definite  spindles  the  long 
axes  of  which  are  parallel  to  that  of  the  process.  The  vari- 
cosities on  the  dendrites  in  Golgi  preparations  von  Lenhossek 
holds  to  be  due  to  superficial  collections  of  chromophile  sub- 
stance, f  His  description  of  the  origin  of  the  axone  is  particu- 
larly clear  and  accurate. 

Schaffer  J  was  the  first  to  describe  the  peculiar  behavior  of 
the  axone  and  the  adjacent  portion  of  the  cell  body  as  regards 
Nissl's  staining.  The  axone  itself,  unlike  the  dendrites,  is  en- 
tirely free  from  the  staiuable  substance  of  Nissl,  as  is  also  the 
portion  of  the  cell  body  immediately  adjacent,  known  as  the 
axone  hillock.  This  hillock  is  marked  off  by  a  tolerably  sharp 
curved  plane  from  the  granular  protoplasm  of  the  cell  body, 
and  shows  at  its  margin  not  infrequently  a  layer  of  especially 
fine  granules.  With  Kronthal's  method,  the  axone  and  axone 
hillock  stain  intensely  in  methylene  blue,  very  much  as  in  the 
vital  staining  of  Ehrlich.  But  Benda  found  that  when  specimens 
thus  prepared  were  cleared  in  creosote  the  axone  and  axone  hill- 

♦  De  Quervain.  Fritz.  Ueber  die  Veranderunfren  des  Centralnervensys- 
tems  bei  experimenteller  Kachexia  thyreopriva  der  Thiere.  Arch.  f.  path. 
Anat.,  etc.,  Berl.,  Bd.  cxxxiii  (1893),  S.  481. 

f  The  writer  has  frequently  observed  varicosities  in  the  course  of  the 
dendrites  in  pathological  tissues,  and  in  these  there  appears  always  to  be  an 
accumulation  of  the  tigroid  masses. 

X  Schaffer,  K.  Kurze  Anmerkung  Ober  die  morphologische  Different 
des  Axencylinders  im  Verhaituisse  zu  den  protoplasraatischen  Fortsfitzea 
bei  Nissl's  Fftrbung.    NeuroL  CentralbL.  Leipz.,  Bd.  xii,  1893,  S.  849-851. 
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ock  lost  their  color,  and  only  the  stainable  Babetance  of  Nisal 
retained  the  dye  in  the  cell  body  and  the  dendrites.  Benda  • 
makes  one  exception  to  this  statement.  In  the  basal  axones  of 
the  pyramidal  cells  of  the  cerebrum,  especially  of-  those  known 
as  the  giant  pyramidal  cells  of  Betz,  the  collaterals  vbicb  come 
otf  at  right  angles  are  visible  when  the  preparations  are  stained 
by  Benda's  methylene-blue  method.  Just  at  the  beginning  of 
the  collateral,  a  small  wedge^haped  grannie,  in  section  triango- 
lar,  takes  up  the  methylene  blue,  the  axone  itself  remaining 
quite  unstainable.  I  have  met  with  this  observation  nowhere 
else  in  the  bibliography. 

Von  LenhosB^k  has  not  been  able  to  make  out  definite  fibnls 
In  the  cell  body,  and  one  gains  the  impression  that  he  disbe- 
lieves in  their  existence.  He  has  taken  the  trouble  to  stain  the 
cells  of  the  brain  of  the  torpedo,  the  object  of  Max  Schultze'e 
classical  description,  by  Nissl's  method,  and  denies  the  existence 
of  fibrils  in  them. 

In  hiB  study  of  the  spinal  ganglion  cells,  von  LenhossSk 

used  specimens  from  the  ox  (Fig.  65)  as  well  as  human  tissues. 

In  the  fresh  cells,  teased  without  the  ac- 

A'".--. ■■>";"■■-■>,  t'on  of  reagents  under   high   powers,  he 

•''■:■'■.-'  could  make  out  a  distinct,  finely  grsunlar 

.\       consistence,  the  granules  being  closely  and 

'    . .  evenly   arranged    throughout  the   whole 

cell.     He  could  not  decide,  however,  from 

the  fresh  tissue  whether  he  had  to  deal 

with  actual  granules  or  with   the   optic 

^^■^':.'',.-'';::fi^^/      appearances  of  threads.     In  NissI  prepa- 

^•■■i/'i-i^^''        rations,  however,  and  in  specimens  stained 

Fio.  a^,— Spinal  Kanitiinn   'n  thionin  the  Cell  appeared  nearly  always 

in"d^s™i^-"f"rnZ-  **•  consist  of  two  distinct  layers— an  inter- 

airx").    HuRi'iita ftain    nal  perinuclear  layer,  which  stained  deep- 

hlLi-k.)      ''  ™"      "    ly  in  the  basic  dye,  and  a  peripheral  layer 

of  lighter   color,  the  two  layers  passing 

gradually  over  into  one  another,  although  occasionally  a  sharp 

separation  between  the  dark  endoplasraatic  and  a  lighter  ecto- 

plasmatic  zone  conld  be  made  out.     Von  Irfnhossek  could  not 

find  in  the  ox  tlie  concentric  arrangement  of  the  granules  do- 

*  Kt^nila.  r.  ToIkt  ili<'  Beileuluiig'  dpr  diin.-h  basische  Anilinfarben 
darstelllMirenXerven/iilUlruoturcn.  Neurol.  C'entrulbl.ljeipz.,  Bd.iir,  1895, 
S.  T59-708. 
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scribed  by  Nise)  ia  human  spinal  gungliou  cells,  at  least  in  the 
majority  of  cells.  He  noticed  the  uneven  size  of  the  atainable 
masses  and  their  arrangement  into  a  networklike  appearance, as 
described  by  other  authors.  In  some  cells  of  the  spinal  ganglia 
Ton  Lenhossek  found,  in  accordance  with  Flemming's  observa- 
tions, granules  which  are  much  coarser  than  those  ordinarily 
seen  in  such  cells,  but  he  docs  not  think  a  classification  into 
coarsely  granular  and  finely  granular  cells  is  desirable,  inasmuch 
as  both  kinds  lie  everywhere  intermingled  and  there  appears  to 
be  no  local  connection  between  the  extent  of  the  cell  and  the 
size  of  its  granules.  (leuerally  speaking,  tJie  coarser  granulation 
is  seen  in  the  smaller  cells,  the  large  cells  having  always  a  finely 
granular  structure,  appearances  which  contrast  strongly  with 
those  met  with  in  the  cells  of  the  ventral  horn.  Von  Lenhuss6k 
describes  at  some  length  what  every  one  who  has  studied  the 
spinal  ganglia  must  be  acquainted  with — namely,  the  pres- 
ence of  clear  areas  in  the  protoplasm  of  some  of  the  cells. 
These  areas  are  to  be  found,  as  a  rule,  in  the  peripheral  portion 
of  the  cell,  sometimes  as  many  as  three  or  four  being  present  in 
a  single  cell.  They  are  spherical  or  elliptical  in  shape,  often 
larger  tlian  the  nucleus,  and  do  not   represent  structureless 


luth  twi)  uf  till-  Aixm  : 


spaces  filled  only  with  fluid,  but  contain  normal  ground  sub- 
stance, and  besides  often  show  in  their  interior  a  few  granules 
widely  separated  from  one  another.     The  exact  nature  of  these 
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Taioaole-like  Rpots  is  as  yet  not  clear.  It  is  not  ifnix)8sible  thst 
gome  of  them  correspond  to  the  position  of  terminal  end  discs 
of  side  fibrils  coming  off  from  the  axone  and  running  back  to 
the  cell  body,  such  as  have  been  described  by  Huber,  of  Ann 
Arbor,*  in  the  spinal  ganglion  cells  of  the  frog  (Fig.  66).  He 
states  that  there  is  usually  found  a  clear  zone  of  protoplasm 
surrounding  the  expanded  end  of  the  processes. 

*  Hober,  G.  Carl.    The  Spinal  Ganglia  of  Amphibia.    Anat.  An«.,  Jena, 
Bd.  xii,  1896,  No.  18,  S.  417-425. 


CHAPTER  XL 

VARIETIES     OP     NERVE     CELLS     DISTINGUISHABLE     BY     NISSL'S 

METHOD. 

Classifications  of  neurones  based  upon  NissFs  staining  method — Somato- 
chrome,  cytochrome,  and  caryochrome  nerve  cells — Arkyochrome, 
stichochrorae,  arkyostichochrome,  and  gryochrome  nerve  cells — Objec- 
tions to  Nissl's  classification — Pycnomorphous,  apycnomorphous,  and 
parapycnomorphous  conditions — Chromophile  cells. 

NissL  has  spent  several  years  in  the  most  exact  investi- 
gations of  the  ne^v^  cells  in  the  different  parts  of  the  nerve 
centres  of  man  and  animals,  and  has  come  to  the  conclusion 
that  definite  types  or  varieties  of  nerve  cells  exist,  varieties 
which  are  constant  not  only  in  the  same  animal,  but  often  exist 
characteristically  in  homologous  localities  in  a  whole  series  of 
animals.  He  has  had  some  difficulty  in  finding  suitable  desig- 
nations for  these  types  of  nerve  cells.  In  the  present  state  of 
our  knowledge,  a  nomenclature  based  upon  function,  except, 
perhaps,  for  a  few  cell  categories,  is  not  justifiable,  and  Nissl 
has  been  compelled  to  classify  the  cells  according  to  their  mor- 
phological characteristics.  According  to  him,  all  the  cells  in 
the  nerve  centres,  except  the  so-called  chromophile  nerve  cells, 
can  be  divided  into  two  main  classes. 

The  first  group  includes  the  nerve  cells  which  possess  a 
well-marked  cell  body  which  surrounds  the  nucleus  completely 
on  all  sides,  the  protoplasm  having  a  distinct  contour.  These 
cells  Nissl  calls  somatochrome  nerve  cells. 

To  the  second  group  (subdivided  into  two  groups — cyto- 
chrome and  caryochrome)  belong  those  cells  m  which  in  Nissl 
preparations  the  nucleus  is  most  in  evidence ;  the  nucleus  has 
a  clear  contour,  but  only  indications,  as  it  were,  of  the  cell  body 
are  present,  an  appearance  due  either  to  scanty  development  of 
the  cell  body  or  to  the  predominance  in  it  of  the  unstainable 
substance.  These  cells  often  look  as  if  they  were  naked  nuclei, 
though  by  Golgi's  method  it  can  be  shown  that  they  may  pos- 
sess definite  axones  and  dendrites.     In  some  of  these  cells  the 
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staicable  substance  may  be  present,  tbough  when  it  is,  it  ia  very 
unevenly  distributed,  being  collected  at  definite  points  in  the 
cell,  the  nucleus  apparently  being  only  partly  Burroanded  by 
protoplasm.  8uch  cells  are  to  be  seen  in  the  substantia  gela- 
tinoBu  of  Rolando.  Sissl  suggests  that  the  nerve  cells  with  an 
ill-developed  coll  body,  in  which  the  nucleus  appears  to  be  in- 
completely surrounded  and  does  not  exceed  in  size  the  nucleus 
of  a  neuroglia  cell  or  of  an  ordinary  leucocyte,  be  called  "^r^w- 
ulen  "  (Kdrner)  or  cytorhrnme  nerve  cells.  These  cells  are  present 
in  great  numbers  in  the  granular  layer  of  the  cerebellum.  There 
are  diSerent  varieties  of  these  cytochrome  cells,  those  in  the 


Nbatl.)   SoDiatuvhruiaa 


cerebral  i;ortes,  those  in  the  cerebellar  cortex,  and  those  in  the 
olfactory  bulb,  for  example,  being  by  no  means  identical. 

The  second  subgroup  of  cells  in  which  the  coll  body  is  only 
indicated,  but  in  which  the  stained  nucleus  is  of  the  siae  of 
that  of  un  ordinary  nerve  i-ull,  or  at  any  rate  is  larger  than  that 
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of  a  nenrugiia  coll,  NibsI  calU  caTyochnims  nerve  cells.  Of 
these  there  are  also  distinct  varieties — for  example,  those  of 
the  substantia  gektinosa  of  the  spinul  cord,  and  those  of  the 


ganglion  habenulae — types  which  for  the  present  are  designated 
simply  by  letters  of  the  <lreek  alphabet. 

The  majority  of  the  nerve  cells,  however,  fall  in  the  first 
group — that  of  the  sotrifitarhriiT/te  cells — where  the  cell  body,  if 
we  judge  solely  from  its  morpliology,  has  apparently  far  greater 
relative  importance  than  the  nucleus.  But  this  group  contains 
a  series  of  types  of  nerve  cells  which  are  distinguishable  from 
one  another  in  part  through  differences  in  the  nuclei,  but 
mainly  through  different  relations  of  the  stainable  and  un- 
Btainable  constituents  of  the  cell  body.  Nissl  divides  the  so- 
matocbrome  cells  into  four  great  groups :  the  arkyor.hrome,  the 
stichochrome,  the  arkyonUehiichrome,  and  the  gri/ur/irume  nerve 
cells.  In  the  arkyochrome  nerve  cells  the  stainable  portion  of 
the  cell  body  appears  in  \igsl  preparations  in  the  form  of  a 
network  [Spuvs).  The  branches  of  this  network  appear  to  be 
distinctly  connected,  but  Nissl  notes  that  in  many  of  the  cells 
in  this  group  there  can  be  made  out  processes  into  which  the 
distinct  network  of  the  perinuclear  part  of  the  cell  body  can  go 
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over,  80  as  to  form  a  parallel-Btriped  arrangement.  As  a  sam- 
ple of  cells  belonging  to  this  group,  NisbI  pictures  an  arkyo- 
chrome  olfactory  cell  (Fig.  67).  Among  the  arkyochrome  nerye 
cells,  Nissl  further  distinguishes  enarkyochrome  forma  from 
ampharkyorkrome  forms.  The  former  show  the  stained  con- 
stituent arranged  in  the  form  of  a  network  which  differs  from 


HtlKlc  . 
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nected  in  the  cell  body  by  deeply  stained  very  thick  bridges, 
so  that  a  further  connected  network  of  very  deeply  stainable 
substance  is  observable.  Both  enarkyochrome  and  amphar- 
kyochrome  cells  are,  according  to  Tviasl,  widely  distributed 
throughout  the  central  nervous  systeni.  The  former  occur  in 
the  spinal  cord,  but  are  most  numerous  in  the  large  dorsal 
nucleus  at  the  proximal  end  of  the  medulla  (Fig.  tjH). 


Fro.  70, 

Fio.  TO.— lATge  cell  from  Ammon-s  horn  vfrebhit.    (ArUrNiiHl.}  ( 

nerve  tell  of  Hticliocbronw  variet;  in  the  pyknomurphiHU  eonditinn. 

Pio.  Tl.^Nervv  cell  fnim  RBtiKliiin  iin  duratl  root  of  a  cervical  ui^rvc  ufa  rabbit. 
(After  NiBsl.)  Stitbochnimc  nprve  cell  In  apyknomorphimstoinlitiiiii.  Two 
large  nuclculiBre  shown  within  thu  nui-lviis.  The  amine  at  the  upper  i^nd  of 
the  cell  IB  Bdin  Ui  uintain  none  of  the  stainable  BUhflt»iic«  "f  Niml. 

In  the  second  main  group  of  somatochrome  nerve  cells,  the 
stichochrome  cells  (<rrixo«),  the  stainable  substance  is  arranged 
in  the  form  of  striie  which  run  in  the  same  direction  and  usu- 
ally parallel  with  the  contour  of  the  cell  body,  in  part  also  with 
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the  surface  of  the  nucleus.  These  strise,  as  a  rule,  are  not  con- 
tinuous fibrils,  but  tlie  striated  arrangement  is  dependent  in  the 
main  upon  dilTerent  stained  elements,  threads,  spindles,  and 
granules,  more  or  less  isolated  and  in  rows.  These  variouB  ele- 
ments, without  being  directly  con- 
tinuous, arrange  themeeWes  in  rows 
running  in  the  same  direction 
within  the  cell  body.  Occasionally, 
in  this  group  of  nerve  cells,  there 
occur  examples  in  which  here  and 
there  a  thread  or  a  row  of  grannies 
assumes  a  direction  opposite  to  that 
of  the  general  striatlon,  an  appear- 
ance, however,  which  would  not 
prevent  the  cell  from  being  included 
in  this  category.  So  far,  Nissl  has 
distinguished  four  types  of  sticho- 
chrome  cells,  represented  by  the 
nerve  cells  of  motor  nuclei  (Fig.  69), 
the  large  cells  of  Ammon's  horn 
(Fig.  70),  certain  cells  of  the  cere- 
bral cortex,  and  spinal  ganglion 
cells  (Fig.  71). 

The  third    group    of    somato- 
chrome  nerve  cells  includes  those 
of  the  so-called  arkyostichochrome 
type,  in  which  the  striated  appear- 
ance is  united  with  a  networklike 
structural  character  in  the  most  in- 
timate manner,  so   that  one    can 
not  decide  which  mode  of  arrange- 
ment of  the  stainable  substance  is 
most    characteristic    of    the    cell. 
Nixsl  cite.'j  as  a  typical  example  of 
.    cells  of  this  sort  the  Purkinje  cells 
;    of  the  cerebellar  cortes  (Fig.  72).* 
Lastly,  as  a   fourth   group    of 
somatoclirome    nerve   cells,    Nissl 


Fio.  72. — Purkinjii 
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*  Nfssl  in  a  rpticnl  arlide  (A!lg.  Ztschr.  fiir  Psychiat.,  Berl..  Bd.  li» 
(1887),  S.  101)  ha."  pivcn  u|i  the  term  "«rkjostii;hochroiiic"«(id  includes  the 
cells  formerly  elassed  in  the  arkyustic-hocliroiue  group  among  the  arkjo- 
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describes  the  gryochrome  (ypv)  type,  in  which  the  stainable 
constituent  of  the  cell  body  is  entirely  made  up  of  small  gran- 
ules. The  granules  are  not  distributed,  however,  at  random  in 
the  cell  body,  but  tend  to  form  threads  or  heaps,  so  that  a  dis- 
tinct habitus  can  be  attained.  Xissl  does  not  give  pictures  of 
cells  of  this  type,  but  mentions  that  they  are  particularly, 
though  not  exclusively,  found  in  the  corpus  striatum. 

The  whole  series  of  types  as  revealed  by  his  method  may  be 
classified  therefore  as  follows : 

Gkoup  I.  SoMATOCHROME  Nerve  Cells. — Cells  in  which  the 
cytoplasm  surrounds  the  nucleus  completely  and  exhibits  a 
distinct  contour. 

A,  Arkyochrome  nerve  celh.  The  stainable  substance  in  the 
cytoplasm  appears  to  be  arranged  in  the  form  of  a  net- 
work. 

1.  Type  of  enarkyochrome  nerve  cells. 

2.  Type  of  ampharkyochrome  nerve  cells. 

3.  Type  of  arkyochrome  olfactory  nerve  cells,  etc. 

B.  Stichochrome  nerve  cells.  The  stainable  substance  in  the 
cytoplasm  is  arranged  in  the  form  of  stripes  running  in 
a  similar  direction. 

1.  Type  of  motor  nerve  cells. 

2.  Type  of  large  stichochrome  cells  of  Ammon's  horn. 

3.  Type  of  stichochrome  cells  seen  in  the  cerebral  cortex. 

4.  Type  of  nerve  cells  in  the  spinal  ganglia,  etc. 

C.  ArkyoHtichochrome  nerve  cells.  Of  these,  up  to  the  pres- 
ent, only  one  type  has  been  distinguished ;  this  would 
now  be  classed  by  Nissl  among  the  arkyochrome  cells. 

1.  Type  of  Purkinje  cells  of  the  cerebellar  cortex. 

D.  Gryochrome  nerve  cells. 

Group  II.    All  Nerve  Cells  not  falling  in  Group  I. 

A.  Cytochrome  nerve  cells.  Only  traces  of  a  cell  body  are 
present.  The  nucleus  is  of  the  size  of  the  nuclei  of 
ordinary  leucocytes. 

1.  Cytochrome  cells  of  Type  a, 

2.  Cytochrome  cells  of  Type  )S,  etc. 

chrome  cells.  By  far  the  majority  of  all  the  uerve  cells  in  the  body  fall  in 
the  arkyochrome  group. 
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B.  Caryochrome  nerve  celh.  Only  traces  of  a  cell  body  are 
present.  The  nucleus  is  of  the  size  of  ordinary  nenre> 
cell  nuclei,  and  is  in  every  case  larger  than  the  nuclei 
of  the  glia  cells. 

1.  Caryochrome  cells  of  Type  a. 

2.  Caryochrome  cells  of  Type  )3,  etc. 

It  is  Xissl's  belief  that  this  classification  will,  without  being 
forced,  include  all  nerve  cells  which  can  be  found,  although  it 
it  is  not  impossible  that  further  study  may  reveal  forms  which 
will  necessitate  an  extension  of  the  number  of  types.  He  lays 
stress  upon  the  fact  that  between  the  single  types  transitional 
forms  exist,  sometimes  rendering  classification  di£Scult.  Benda 
has  urged  this  as  an  argument  against  the  existence  of  definite 
types,  but  without,  as  it  would  seem,  any  sufficient  proof.  The 
justification  of  the  classification  does  not  rest  solely  upon  the 
establishment  of  the  existence  of  the  single  types  of  cell  struc- 
ture, but  is  based  largely  upon  the  circumstance  that  cells  of 
a  wholly  definite  structure  are  situated  throughout  the  aninuJ 
series  always  in  homologous  localities.  Any  one  who  will  take 
the  trouble  to  stain  nerve  cells  in  different  regions  in  differ- 
ent animals  will  be  able  to  convince  himself  not  only  of  the 
existence  of  definite  types,  but  of  their  predominance  in  certain 
localities,  and  I  can  give  no  better  advice  to  the  beginner  and 
to  the  doubting  than  that  he  study  the  regions  suggested  by 
Nissl  in  this  connection — namely,  the  ventral  and  dorsal  boms 
of  the  cord,  the  ganglion  cell  groups  in  the  thalamus  of  rodents, 
in  the  corpus  mammillare,  in  the  pons,  in  the  red  nucleus,  and 
in  the  nucleus  of  Deitors. 

This  elaborate  nomenclature  recommended  by  Nissl  must 
not,  however,  be  regarded  as  a  permanent  and  satisfactory 
method  of  designating  the  varieties  of  nerve  cells.  On  the 
contrary,  it  must  be  looked  upon  only  as  a  temporary  expedi- 
ent. If,  as  is  to  be  suspected,  too  much  stress  has  been  laid  by 
Nissl  upon  the  importance  of  his  "stainable  substance,"  which 
we  now  have  some  reason  to  believe  represents  only  a  portion 
of  the  supply  of  food  stuffs  in  the  nerve  cell,  such  a  classifi- 
cation can  scarcely  hope  to  stand  the  test  of  time.  It  would  be 
as  though  an  architect  should  attempt  to  classify  houses  ac- 
cording to  their  pantries  and  cellars,  or  an  anthropologist  to 
group  men  as  types  according  to  the  contents  of  their 
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and  intestines — methods  of  cataloguing  useful  enough  at  times, 
perhaps,  but  scarcely  to  be  looked  upon  as  ideal  or  permanent. 

Nissl  early  pointed  out  that  the  single  types  of  nerve  cells 
may  under  certain  circumstances  show  different  staining  rela- 
tions ;  *  the  individual  members  of  a  given  group  of  cells  be- 
longing to  one  type  may  be  palely,  moderately,  or  intensely 
stained.  These  differences  appear  to  depend  upon  the  concen- 
tration of  the  stainable  substance  in  the  cell  body.  Nissl  con- 
sequently designates  the  extremely  darkly  stained  cells  as 
pyknomorphous  cells,  or  cells  in  which  the  stainable  portions  are 
arranged  relatively  most  closely  {wvkvos)^  while  the  very  feebly 
stained  cells  he  names  apyknomorphous — that  is,  cells  in  which 
it  is  characteristic  of  the  staining  that  the  stainable  masses  are 
not  arranged  close  to  one  another,  but  are  tolerably  widely  sep- 
arated by  the  non-stainable  constituents  of  the  cell  body.  In- 
termediate stages  Nissl  groups  d^^  par  apyknomorphous,  Flesch  f 
described  these  appearances,  speaking  of  chromophilic  cells  and 
chromophobic  cells  as  well  as  transition  forms,  and  attributed  the 
differences  to  variations  in  the  internal  chemistry  of  the  cells, 
which  depended  in  part,  he  thought,  upon  differences  in  the  de- 
velopment, in  part  upon  differences  in  metabolism  or  of  function. 

Nissl  goes  further,  and  mentions  that  not  infrequently  the 
nucleus  shows  modifications  which  correspond  in  greater  or 
less  degree  to  the  staining  intensity  of  the  cell  body — for  exam- 
ple, in  the  apyknomorphous  cells  the  unstained  nuclear  juice 
is  relatively  more  abundant  than  in  the  pyknomorphous  exam- 
ples, in  which,  as  a  rule,  the  nuclear  framework  and  the  stainable 
parts  of  the  nucleus  generally  are  relatively  more  abundant. 
This  holds,  he  asserts,  not  only  for  the  somatochrome  cells, 
but  also,  though  in  less  degree,  for  the  caryochrome  and  cyto- 
chrome cells. 

A  curious  and  puzzling  phenomenon  is  met  with  in  the  so- 
called   chromophileX   nerve   cells   (Fig.   73).     One   sees  often, 


*  Allg.  Ztschr.  f.  Psychiat,  Berl.,  Bd.  1. 

f  Flesch,  M.  Ueber  die  Versohiedenheiten  ira  chemisohen  Verhalten  der 
Nervenzellen.  Mitth.  d.  naturf.  Gesellsch.  in  Bern  (1887),  Nr.  1169-1194,  S. 
192-199.    Bern,  P.  Haller,  1888. 

X  The  word  chromophile  is  here  used  in  the  sense  in  which  Nissl  employs 
the  term  Chromophilie  (Nissl,  Allg.  Ztschr.  f.  Psychiat.,  etc.,  Berl.  (1896),  Bd. 
Hi,  S.  8).  Whether  or  not  this  is  the  sense  in  which  the  word  is  employed 
by  Flesch  and  his  pupils  is  not  clear. 
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alung  with  the  other  nerve  eelltt,  single  vellii  or  entail  groups  of 
vtilh  in  which  the  Htdiiiuble  tiiibstuaec  appeunt  to  be  evenlj 
dilTiitted  tliroughout  the  cell  body,  ko  that  it  is  impousible  to 
(liatinguiah  a  tttainablc  from  an  unistainablo  coiistitueut  in  the 
ettll.  The  explanation  of  these  forms  ih  as  yet  not  entirely 
satiKfiictory.  Nisfl  pointe  out  that  they  ure  always  relatively 
Bnialler  than  pyknomorphous  cells.     It  is  nearly  always  possible 


11-11  from  till-  Hpiriiil  i-.inl  cif  the  <l<>ji  ill  till' Hu-aill«l  "rhrumo- 
tiiiii.    Thin  iLiJiMiinnn'c-  is  ]it  kiLst  in  Ihi-  iiuijiirit]' <>f  iRHf 
<>  th<;  u<-lii>Ti  of  rill-  niUK'nts  I'liiiiloyril.     tlif  Hiniii-  h. 
i-IIh.  ugipiwrn  to  Ih^  (nv  I'nitii  llii^  KlHituihli!  HiitixtaTiuv. 


to  make  out  in  alcrohol  prepiinitions,  as  I  have  had  many  oppor- 
tunities of  observing,  that  at  the  pcripliery  of  tlie  sections 
chromophile  cells  tend  to  be  abundant,  and  there  is  no  doubt, 
in  my  mind  at  least,  that  the  majority  of  these  correspond  to 
the  well-known  artefacts  which  art!  so  coninion  in  the  periphery 
of  tissues  hank'iied  in  alcohol.  But  the  chromophile  cells  are 
not  entirely  confined  to  the  periphery  of  the  soctions ;  they  may 
occur  singly  or  in  little  gronps  in  almost  any  portion  of  the 
tissue ;  it  has  seemed  to  me,  however,  that  even  then  they  are 
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more  abundant  in  the  uoigfaborhood  of  the  blood-vesaeln  or 
larger  tiBsue  interspaces,  and  it  is  Dot  impossible  that  in  thtise 
situations  they  may  represent  artefacts  due  to  the  action  of  the 
alcohol.  KissI  himself  does  not  seem  entirely  clear  as  to  their 
nature,  but  has  recently  expressed  himself  as  of  the  opinion 
that  they  are  in  large  part  due  to  the  action  of  reagents  em> 
ployed,  although  he  does  not  deny  that  under  certain  circum- 
Btances  they  may   have  a  pathological  significance.      For  the 


Fm.  74.— Mob.r  nprve  ii-ll  from  the  ventral  horn  of  the  gniy  matter  of  the  qiinal 
eoid  of  the  Aug.  Staineil  by  Hvlil'x  mixliHeatiwn  ut  Nii«r4  metliod.  The 
tiicrulil  bodicH  an>  illntlni^lr  viiuble  in  tlu^  prutiiphuiii  of  the  cell  body,  nnil 
fspecinlly  in  unc  of  the  deiulriteH.  Theaximu  U  ni>tKh[>wn.  Tlio  bord<-niflf 
the  ntieleUH  are  indint^net.  owiiiR  in  overlyinft  eytuplniini.  hut  the  iiliijtlt. 
deeply  *bvini-i[  nui^ti-oluH  is  very  evident.  Owiiiu  to  the  liinilH  ef  the  pliuto- 
Kiuphic  mi'lhoii.  the  Btnictun.'s  at  only  one  fmus  sliow  tlearly. 


present,  however,  inasmuch  as  they  vary  so  markedly  in  appear- 
ance and  localization  that  no  normal  can  be  established  for 
them,  he  suggests  that  in  the  study  of  pathological  alterations 
only  those  observations  are  of  value  which  we  know  for  certain 
to  have  been  made  upon  cells  which  are  not  chromuphile  cells. 
A  further  stndy  of  these  appearances  Is  urgently  needed,  and  it 
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is  to  be  hoped  that  ere  long  we  shall  have  a  clearer  conception 
regarding  their  significance. 

In  Fig.  74  is  shown  a  nerve  cell  from  the  spinal  cord  of  a 
dog.  The  photograph  which  Dr.  A.  G.  Hoen  has  kindly  made 
for  me  shows  very  well  the  appearances  to  be  made  out  under 
relatively  low  powers. 


CHAPTER    XII. 


THE    NATURE    OF    THE    TIGROID    MASSES    OR    "8TAINABLE    SUB- 


STANCE"  OF   NISSL. 


Nature  of  the  "  stAinable  substance  "  of  Nissl — Views  of  Nissl,  Benda,  Rosin, 
and  Held — Ueld*s  modification  of  NissFs  method  and  the  results  yielded 
by  it — The  influence  of  chemical  reagents  and  of  digestive  fluids  upon 
the  Nissl  bodies — Studies  of  Macallum  and  Scott. 

In  medicine,  as  in  theology  and  philosophy,  the  subjects 
which  are  most  interesting  and  most  discussed  are  those  about 
which  we  know  least,  and  it  is  not  surprising,  therefore,  con- 
sidering the  scantiness  of  our  knowledge,  that  the  nature  of 
these  stainable  portions  of  the  substance  of  which  the  cell  body 
is  made  up  should  have  been  the  subject  of  much  polemical 
writing.  Indeed,  between  Nissl  on  the  one  hand  and  Rosin 
and  Benda  on  the  other  (the  two  latter  not  being,  however,  en- 
tirely in  agreement),  a  battle  royal  has  been  carried  on  in  a 
series  of  articles  in  which  too  often  personalities,  tiresome  to 
read  and  unworthy  of  the  disputants,  have  been  permitted  to 
enter.  Nissl  has  taken  the  ground  that  for  the  present,  at 
least,  we  have  no  right  whatever  to  make  any  positive  state- 
ment regarding  the  chemical  nature  of  these  substances;  he 
urges  that  for  the  time  being  we  must  remain  content  with  a 
description  of  the  morphological  appearances  met  with  in  the 
specimens.  His  terms,  "  visible  formed  substance  "  and  "  or- 
ganized substance,"  as  applied  to  the  stained  portions  of  the 
cell  body,  introduced  with  the  idea  that  they  are  purely  objec- 
tive, are  in  reality  not  so,  and  are,  therefore,  undesirable.  To 
the  term  "  stainable,"  if  by  this  is  meant  "  stainable  by  NissFs 
method,"  there  can  be  no  objection.  Rosin,*  whose  studies 
were  made  largely  with  the  triacid  stain,  having  in  mind  the 
principles  of  elective  staining  formulated  by  Ehrlich,  compares 

*  Itosin,  H.  Ueber  eine  neiie  Fftrbungsraethode  des  gesammten  Nerven- 
systems  nebst  Bemerkungen  iiber  Ganglienzellen  und  Gliazell<fh.  Neurol. 
Centralbl.,  Leipz.,  Bd.  xii  (1893),  S.  803-809.  Also,  Entgegnung  auf  Nissl's 
Bemerkungen,  etc.     Neurol.  Centralbl.,  Leipz.,  Bd.  xiii  (1894),  S.  210-814. 
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the  granules  within  the  nerve  cells — that  is,  the  stainable  sub- 
stance of  Nissl — with  the  basophile  granules  of  the  Mafffzellen 
of  Ehrlich,  and  concludes  from  his  studies  that  the  granule  in 
the  nerve  irell  is  to  be  thought  of  more  in  a  chemical  than  in  a 
morphological  sense.  Benda,  as  regards  the  general  significance 
of  staining  reactions,  supports  Rosin.  Xissl  has  opposed  Rosin's 
view,  and  has  urged,  first,  that  not  all  basic  dyes  will  stain  the 
substances  concerned,  and  secondly,  that  certain  acid  dyes  will 
stain  them  intensely,  objections  which  he  believes  upset  entirely 
Rosin's  view  based  on  Ehrlich's  color  theory.  It  is  certain 
that  basic  dyes,  like  methylene  blue  and  thionin,  stain  very 
beautifully  the  Xissl  bodies ;  indeed,  the  method  of  Nissl  de- 
pends upon  this  quality;  but  Nissl  contends  that  the  term 
Basophilie  should  be  used  only  in  the  sense  in  which  it  has  been 
previously  defined  by  Ehrlich,  in  which  event  it  is  improper,  he 
thinks,  to  apply  it  to  the  stainable  substance  of  nerve  cells. 
Rosin  separates  the  "  granules "  in  nerve  cells  from  other 
basophile  cell  substances  on  account  of  their  behavior  toward 
the  triacid  mixture ;  *  and  Benda  inclines  to  the  view  that  the 
granules  in  the  nerve  cells  approach  nearest  in  character  to  the 
^granules  of  Ehrlich.  He  asserts  that  in  numerous  experi- 
ments with  his  method  (formol  freezing)  he  has  found  in  the 
most  diverse  organs  constituents  of  the  cell  body  which  be- 
have, not  only  tinctorially  but  also  morphologically,  exactly  as 
the  stainable  substances  in  nerve  cells.  lie  describes  them  in 
gland  cells,  liver  cells,  in  cells  of  the  pancreas,  in  the  cells  of 
some  sarcomatous  tumors,  in  certain  connective-tissue  cells,  but 
especially  in  normal  and  pathological  lymph  glands.  Ramon  y 
Cajal  t  also  asserts  that  the  stainable  substance  of  Nissl  is  not  spe- 
cific for  the  nerve  cells,  as  he  has  demcmstrated  its  presence  in 
certain  of  the  leucocytes  and  of  the  connective-tissue  elements. 
A  flood  of  light  has  been  tlirown  upon  this  portion  of  our 
subject  through  the  recent  researches  of  Hans  Held.  J  Held 
has  studied  the  structure  of  nerve  cells  of  diiTerent  animals  in 
a  large  number  of  different  regions  with  a  modification  of 
Xissl's  method,  which  he  has  himself  devised. 


*  Neurol.  Centralhl.,  I.eipz.,  Bd.  xii  (1893),  S.  808. 

f  Kainon  y  Cajal,  S.  Estriicturadt'l  protoplasma  nervioso.  Rev.  trimest. 
microp.,  Mlldrid,  vol.  i  (189(»),  pp.  \-M). 

X  Holii.  n.  Bcitrii^o  zur  Structur  der  Ncrvenzellen  untl  ihrer  Fortsfttze. 
Arch.  f.  Anat.  und  Physiol.,  Anat.  Abtli..  Tieipz.  (1895),  S.  390-416. 
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His  modiflcatiou,  which  I  have  used  myself  and  of  which  I  can 
-speak  in  the  highest  terms,  is  as  follows  :  The  tissues  tire  imbedded 
ill  paraffia,  not  withstanding  Nissl's  objection  that  imbedding  in- 
jures the  nerve-cell  structure.  Held  has  found,  and  I  can  confirm 
his  stuU'ment,  lliat  with  careful  paraffin  imbedding-  no  more  arte- 
facts are  produced  than  when  no  imbedding  at  all  is  employed. 
On  the  contrary,  it  is  possible  with  paraffin  to  obtain  sections  as 
thin  as  one  micron,  or  even  thinner,  whereas  sections  prepared  by 
Nissl's  method  are  seldom  thinner  than  from  seven  to  eight  mi- 
crons, and  it  is  by  virtue  of  the  possibility  of  obtaining  thin  sections 
that  much  of  the  increase  in  our  knowledge  of  the  nature  of  the 
stainable  substances  inside  the  cell  has  resulted.  In  order  to  study 
ordinary  pathological  alterations  in  the  cells,  however,  sections 
from  six  to  twelve  or  even  thirty  microns  in  thickness  afford  the 
most  satisfactory  results.  Held  fastens  the  paraffin  section  on  the 
slide  with  dilute  alcohol ;  the  staining  fluid  consists  of  equal  parte 
of  Nissl's  solution  of  methylene  blue  and  soap  and  a  five-per-c«iit 
aqueous  solution  of  acetone.  The  sections  are  heated  in  this  mix- 
ture until  all  xmell  of  acetone  has  disappeared.  (Held  stains  first 
with  a  solution  of  erythrosin,  the  erythrosin  serving  to  bring  out 
the  other  constituents  of  the  cell  body,  the  non-stainable  substance 
of  NissI  :  for  the  study  of  the  NiasI  bodies  alone  this  portion  of  his 
method  can  be  dispensed  with.)  The  sections,  after  staining,  are 
allowed  to  remain  in  the  blue  solution  until  it  has  cooled,  and  are 
then  ditFerentiated  in  a  one-tenth-of-one-per-cent  solution  of  alum 
for  from  a  few  seconds  to  a  few  niinutes,  according  to  the  thickness 
of  the  section.  The  specimens  are  then  washed  in  water,  dehydrated 
quickly  in  absolute  alcohol,  cleared  in  xylol,  and  mounted  in  ben- 
zine-colophonium.  Held  used  as  a  fixing  agent  sometimes  ninety- 
six  per  cent  alcohol  and  sometimes  picrosulphuric  acid,  as  the  latter 
shrinks  the  protoplasm  less.  In  using  this  fixing  agent,  however, 
very  small  pieces  must  be  employed,  as  it  penetrates  with  diffi- 
culty. It  has  been  stated  by  some  that  staining  with  the  blue 
solution  for  twenty-four  hours  in  the  cold  gives  results  fully  as 
satisfac|j>ry  as  when  heat  is  employed.  M,  Bettmann.  working  in 
this  laboratory,  finds  that  artefacts  are  much  more  frequent  when 
high  temperatures  are  employed.  He  has  obtained  his  best  results 
by  staining  for  twenty-four  hours  at  a  temperature  of  .')7°  C. 

Another  excellent  modification  of  Nissl's  method  is  that  of 
Mann,  of  Edinburgh.*  Sections  of  sublimate  tissues  are  stained 
with  a  concentrated  aqueous  solution  of  toluidin  blue.  They  are 
then  differentiated,  and   may  be  counter-stained  if  desireil.    The 

•  Mann,  G.  Ueber  die  Behandlung  der  Nervenzellen  fQr  exiierimi'iili'll- 
hiatologische  Unt<>rsuchungen.  Ztschr.  f.  wissensch.  Mikr.,  Bmschng.,  Bd. 
xi  (1894),  S.  470-494. 
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toluidin-blue  method  lias  also  been  used  by  von  Lenhoufiek  •  with 
satisfaction,  and  recently  Harris,  of  Philadelphia,t  has  published  an 
article  in  which  he  gives  a  number  of  interesting  details  with  re- 
gard to  his  modifications  of  this  method  of  staining. 

Held  finds  in  sections  from  one  half  of  a  micron  to  one  mi. 

croQ  thick  that  the  tigroid  bodies  present  an  exquisitely  grauu- 

ure  (Fig.  75).     With  high  pow- 

e  seen  to  be  made  up  of  masses 

r        es,  some   of    the    constituent 

being   very  gmall,  others  very 

They  have  a  rounded  form,  and 

too  close  together  appear  iti 

d  radii.     In  some  cells,  where  the 

it  granules  are  very  close  to  one 

granular  structure  is  recogni- 

y  in    extremely  thin   sections 

aid  of  strong  immersioD  lenses 

rahle   illumination.      But   Held 

that  in  reality  all  are  composed 

es.    In  some  cells  the  granules. 

d     f  being  grouped  in  clumps,  ap- 

h    more  or  less  evenly  distributed 

g     ut  the  whole  of  the  cell  body. 

m  ny  instances  with  the  erythro- 

lenc-blue    stain    the    granules 

n  contact  with  one  another,  but 

™*      ""  ^  m    dded  in   a  coagulumlike   mass 

w  uins  violet  and  is  easUy  diatin- 

lUHNH  g     h  h      from   the  bright  blue  of  the 

™  gran        projierandtheredof  the  ground 

tu  b  — that  is,  unstainable  substance 

f  — lying  between  the  tigroid  bodies 

ha    H    d  d        b       h       g  oid  bodies  as  being  made  up  of 

two  constituents,  one  granular,  the  otlier  coagulumlike,  with 

sometimes  a  third — namely,  the  vacuoles. 

*  vim  Leiihuss^k.  M.  Ueber  den  Ituu  iler  Spinalgaiiglieozellea  des 
Menschen.  Vortrag  auf  dcr  Wanderversnni lulling  sUdwestdeutscher  Neu. 
rolcigen,  Baden-Baden,  1896.  Arch.  f.  Psyohiatr.  u.  Nervenkr.,  BerL,  Bd, 
xiix  (1896-"BT>.  S.  340-380. 

t  HairiB,  H.  F.  Two  New  >(cthods  of  Staining  tlio  Axis-Cylinders  of 
Nerves  in  the  Fresh  State.  Some  MicroL'hemical  Itcuclions  of  Toluidij)- 
Blue.     Phila.  M.  J.,  voL  i,  1808.  pp.  897-UOO. 
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Held  describes  in  detail  his  study  of  fresh  ganglion  cells  in 
physiological  salt  solution  and  in  vitreous  humor.  Except  the 
flat  gray  glistening  nucleolus,  with  sometimes  a  vacuole  and 
accessory  nucleoli,  and  a  homogeneous  transparent  nucleus 
limited  by  a  narrow,  doubly  contoured  membrane,  nothing 
could  be  made  out.  A  few  dark  granules  only  could  be  seen 
within  the  protoplasm,  even  in  the  most  favorable  cases,  and  he 
asserts  that  when  he  worked  quickly  the  protoplasm  remained 
almost  absolutely  free  from  granules.  The  tigroid  bodies  are 
invisible  in  fresh  cells.  Held  treated  the  fresh  cells  with  vari- 
ous reagents  in  order  to  make  out,  if  possible,  the  action  of 
swelling  and  fixing  solutions  upon  the  structure.  He  found 
that  on  adding  methylene  blue  in  dilute  solution  he  obtained  a 
result  which  led  him  to  think  that  the  blue  acts  upon  fresh 
tissue  as  a  fixing  agent  at  the  same  time  that  it  exercises  a 
staining  influence.*  With  other  fixing  agents  Held  obtained 
dark    masses    after  vacuolizar  ^      _ 


tion,  which  he  thinks  represent  s  ^fgf^  ^^^ 

the   tigroid    bodies.      He    be-  J^^^T^^^ftJ^jp 

lieves,  therefore,  that  we  have  4I&  As^ 

no  right  to  think  of  the  tigroid  S^^  \  ^a  '^^  tf^ 

bodies  as  of  an  organized  nar  A  ^r-Jff^m4s^  *^^^-^  >'W' 
ture    or  as  representing  pre- 

-  J         11  S     .  Fig.  76.— Nerve  ceU  from  Deiters*  nu- 

formed    cell     organs.        Basmg  dens  in  the  rab})it.     Section  three 

his  PYTiprimpnts   nmm  fhnsp  nf  nmnms  thick.     The  tissue  has  »)een 

ms  experiments   upon  inose  OI  exposed  to  the  digt^stlve  action  of  a 

Fischer   concerning    the    mode  mixture  of  pepsin  and  hydnwhlonc 

.        ,.  »    n    '  X      T_  acid  at  40"  C.  for  twelve  hours.     The 

of  action   of   IlXing   agents,  he  Rnmnd  substance  has  bt^'u  dissolved 

thinks  that  the  tigroid  bodies        Z^in^'^AfteMiTid.^"^'^  ***""*'  "" 
represent    simply     substances 

precipitated  from  solution  by  the  action  of  the  fixing  mixtures. 
They  are  not  visible  in  fresh  protoplasm,  but  dark  masses  cor- 

*  In  the  histological  course  in  the  Johns  Hopkins  Medical  School  the 
treatment  of  freshly  teased  ventral  horn  cells  with  methylene  blue  is  now 
employed  as  one  easy  and  satisfactory  mode  of  demonstrating  the  tigroid 
bodies  in  the  cell  bodies,  and  especially  in  the  dendrites.  I  have  repeatedly 
convinced  myself  of  the  homogeneous  appearance  of  the  protoplasm  of  the 
nerve  cell  when  it  is  examined  immediately  after  removal  from  the  living 
body.  Only  after  the  lapse  of  a  certain  time  do  masses  which  correspond 
to  the  tigroid  bo<lies  become- visible.  I  am  at  a  loss,  therefore,  to  under- 
stand the  statements  of  Flemming  and  von  Lenhossek,  both  investigators 
known  for  their  accuracy  and  objectivity,  when  they  assert  that  they  have 
observed  the  tigroid  bodies  in  fresh  living  cells. 
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responding  to  them   are   obtained   on   the  addition  of   fixing 
reagents. 

Held  undertook  a  most  careful  and  exact  chemical  study  of 
the  granules  in  alcohol  tissues.  Thus  he  found  that  the  ti- 
groid bodies  are  insoluble  in 
dilute  and  oonceutrated  min- 
eral acids,  in  acetic  acid,  boil- 
ing alcohol,  cold  or  boiling 
ether,  and  in  chloroform. 
On  the  other  hand,  they  ate 
easily  soluble  in  dilute  and 
concentrated  alkalies.  With 
pepsin-and-hydrochloric-acid 
digestion  he  found  that  the 
ground  mass  of  the  proto- 
plasm vanished  and  that 
the  tigroid  bodies  alone  re- 
mained undigested  (Fig.  70), 
the  reverse  of  what  occurred 
on  treatment  with  lithium 
{ Fig.  77).  The  tigroid  bodies 
yielded  no  reaction  with  Jlil- 
lon's  or  Adamkiewicz's  rea- 
gent. Held  obtained,  how- 
ever, slightly  positive  results 
with  Lilienfeld  and  Monti's 
microchemical  test  for  phos- 
phorus, and  a  considerable 
quantity  of  the  gray  matter 
of  the  spiuLil  marrow  after 
digestion  with  pepsin  and 
hydrochloric  acid  examined  by  Siegfried,  of  the  physiolo^csl 
laboratory  of  Ijeipsic,  showed  the  presence  of  pboBphoms. 
Held  concludes,  therefore,  from  these  various  reactions,  that 
the  Xissl  bodies  belong  to  the  group  of  the  uucleo-albumina,  a 
view  which  agrees  with  the  investigations  of  Halliburton,  who 
found  in  the  gniy  matter  a  nucleo-albumin  which  coagulated 
at  from  55°  to  IJO"  C,  and  which  contained  as  much  as  0.6  per 
cent  of  phosphorus.  We  have  here  in  Baltimore  tested  the 
tigroid  masses  a  number  of  times  for  the  presence  of  iron  by 
Macallum's    method,  always  with  negative   result.     Warring. 


— Ncrvi-  cpll  from  the  nmy  matter 
1'  liiniliar  tnird  nf  the  ox.  Alcohol 
1111.  Trcatiiirnt  for  fimr  dnyn  in 
iitniktcl  nqticnUB  solution  of  lith- 
arlxniHtv.  The  Niiul  IhhIIhi  Iibvp 
(liiMilvvl  out.  and  thi^  ground  mb- 
..  alotie  nmaiiis.     (After  Meld.) 
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ton,  too,  has  applied  the  same  test,  but  does  not  obtain  any  dis- 
tinct reaction  for  iron. 

Macallum  *  himself,  however,  appears  to  have  demonstrated 
the  presence  of  iron  in  the  substance.  In  his  address  before 
the  physiological  section  of  the  British  Medical  Association, 
held  in  Edinburgh  in  July,  1898,  he  referred  to  some  investiga- 
tions undertaken  by  his  pupil  Scott,  mentioned  that  iron  and 
phosphorus  exist  in  the  substance,  and  stated  that  the  Nissl 
spindles  of  the  ventral-horn  cells  resist  peptic  digestion  (as  Held 
had  shown),  but  that  they  are  slowly  digested  with  trypsin. 
He  concludes  accordingly  that  they  are  of  the  nature  of  a 
nucleo-proteid.  Macallum  has  developed  a  method  for  the  his- 
tological detection  of  phosphorus  which  seems  to  be  more  exact 
than  the  procedure  of  Lilienfeld.  Instead  of  using  pyrogallic 
acid  as  a  reducing  agent  on  tissues  previously  subjected  to 
treatment  with  acid  solution  of  ammonium  molybdate,  Macal- 
lum employs  the  hydrochlorate  of  phenyl-hydrazin,  removing 
the  excess  with  water.  The  lecithin  may  be  removed  from  the 
tissues  before  applying  the  test  by  placing  the  slide,  with  sec- 
tion attached,  into  a  Soxhlet  apparatus  and  extracting  with 
ether.  By  this  method  the  portions  of  the  tissue  containing 
phosphorus  assume  a  dark-green  color. 

Held  believes  that  these  nucleo-albumins,  although  invisible 
in  the  fresh  protoplasm,  are  present  in  it  in  solution,  and  that 
they  first  take  the  form  of  Nissl  bodies  when  the  protoplasm  is 
subjected  to  the  action  of  fixing  reagents.  In  further  support 
of  this  view  he  found  that  with  the  different  kinds  of  fixing 
reagents  and  with  varying  concentration  of  the  same  reagent 
entirely  different  histological  pictures  of  the  tigroid  accumula- 
tions and  of  the  masses  lying  between  them  could  be  obtained. f 

*  Macallum,  H.  B.  Some  Points  in  the  Micro-Chemistry  of  the  Nerve 
Cells.     Brit.  M.  J.,  Lond.  (1898),  vol.  ii,  p.  778. 

f  For  example,  forty-per-cent  alcohol  precipitates  a  part  of  the  tigroid 
bodies  much  more  finely  granular  than  does  ninety-six-per-cent  alcohol, 
while  the  part  of  the  granules  otherwise  thrown  down  in  coagulumlike 
masses  is  not  precipitated  at  all,  so  that  one  sees  distinct  spaces  between  the 
single  fine  granules  in  the  larger  Nissl  bodies.  As  Nissl  has  always  empha- 
sized, however,  for  the  study  of  pathological  alterations,  it  matters  little 
whether  the  Nissl  iKxlies  are  preformed  structures  existing  intra  vitam  or 
are  the  result  of  precipitation.  The  important  point  is  that  under  normal 
conditions  by  definitely  uniform  methods  perfectly  constant  microscopic 
pictures  are  obtained.     Nissl  has  accordingly  introduced  the  terra  "  nerve- 
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If  these  investigations  of  Held  are  confirmed — and  the  accuracy 
with  which  this  work  has  been  conducted,  as  well  as  that  of  his 
previous  contributions,  leaves  but  little  room  for  doubt  upon 
this  point — we  must  admit  that  his  suggestion  that  they  yield 
an  index  to  the  internal  metabolism  of  the  nerve-ceil  protoplasm 
is  entirely  reasonable,  and  that  through  fixation  and  staining 
we  can  obtain  an  idea  of  the  stock  in  trade,  as  it  were,  at  the 
moment  inside  of  the  nerve  cells. 

The  relation  of  the  stainable  substance  of  Nissl  to  the  nerve 
cells  of  the  ventral  horns  has  been  studied  by  Macallum  and 
Scott  in  embryo  pigs.  At  a  very  early  stage  the  ventral-horn 
cells  are  found  to  consist  almost  entirely  of  nucleus  rich  in  chro- 
matin, the  protoplasm  of  the  cell  being  but  poorly  developed. 
At  a  later  period  the  cell  body  elongates,  the  nucleus  becomes 
less  rich  in  chromatin,  and  close  to  the  nucleus  a  "  cap "  of 
peculiar  nature,  stainable  with  toluidin-blue,  makes  its  appear- 
ance. Still  later  in  development  this  stainable  substance  seems 
to  be  uniformly  distributed  throughout  the  cytoplasm,  and 
finally  the  aggregations  of  the  substance  in  the  form  of  the 
spindles  met  with  in  the  adult  are  encountered.  Macallum  and 
Scott,  therefore,  are  of  the  opinion  that  the  Nissl  bodies  are 
derived  from  the  nucleus  of  the  nerve  cell. 


cell  equivalent  "  or  *•  ecjiiivalent  picture  "  {Aeqit ivalenibild).  By  this  he  un- 
(lei'stands  the  inicruscopic  picture  of  a  nerve  cell  present  in  the  tissue  of  an 
animal  killed  in  a  prescribed  way  and  afterward  treated  by  a  definite  method 
of  preparation.  He  thus  does  not  concern  himself  with  the  way  a  healthy 
nerve  cell  of  living  or  dead  tissue  looks,  but  ever  bears  in  mind  a  certain 
constant — namely,  the  "  equivalent  form"  of  the  healthy  nerve  cell  of  the 
dead  tissue.  Any  deviation  from  this  norntal  "  equivalent  picture  "  of  the 
nerve  cell  would  indicate  some  alteration  in  the  latter,  and  it  is  in  this 
way  that  the  alterations  under  physiological  and  |>atholugical  conditions 
can  be  described  and  judged. 


CHAPTER   XIII. 

TTTE   GROUND   SUBSTANCE   OR   "UNSTAINABLE   SUBSTANCE" 

OF    NISSL. 

Nature  of  the  "  unstainablo  substance "  of  Nissl — Acidophile  reaction  of 
Rosin — Comparison  with  sarcoplasm  (Benda) — Fibrils  in  the  "  unstain- 
able  substance  " — Becker's  findings  in  ventral-horn  cells — Studies  of 
Apdthy  and  Bethe — Golgi*s  endocellular  network — Ileld's  observations 
with  erythrosin  staining — The  structure  of  axones — The  axospongium 
— Neurosomes — Studies  of  Montgomery — Hypotheses  concerning  the 
conducting  substance — The  presence  of  ccntrosoraes  and  attraction 
spheres  in  nerve  cells — External  reticular  covering  of  perikaryon  and 
dendrites. 

If  we  are  left  in  doubt,  then,  as  to  the  exact  nature  and  sig- 
nificance of  the  portions  of  the  nerve-cell  body  stainable  by 
Nissl's  method,*  we  are  in  a  still  greater  dilemma  as  regards 
the  character  of  the  non-stainable  part,  the  visible  unformed 
substance  of  Nissl.  While  Nissl  himself  lays  great  stress  upon 
the  significanc^e  of  the  stainable  substance,  he  grants  that  the 
non-stainable  substance,  or  ground  8ubstance,f  is  probably  just 
as  important,  indeed,  possibly  of  much  greater  consequence. 
The  quantitative  relations  of  the  two  substances  vary  enor- 
mously in  different  nerve  cells,  almost  as  much,  perhaps,  as  do 
their  position  relations.  In  the  large  motor  cells  of  the  ventral 
horns,  for  example,  and  in  similar  cells  in  the  formatio  reticu- 
laris, the  stainable  substance  of  Nissl  preponderates  by  a  con- 
siderable amount ;  in  the  Purkinje  cells  of  the  cerebellum,  in 
the  pyramidal  cells  of  Betz,  and  in  many  other  nerve  cells,  it  is 
the  ground  substance  which  is  often  by  far  the  more  abundant. 

Rosin's  studies  convinced  him  that  the  ground  substance  of 
nerve  cells  had  a  distinct  elective  affinity  for  acid  dyes;  he 
therefore  speaks  of  this  portion  of  the  cell  body  as  acidophile 
as  contrasted  with  the  basophile  constituent,  by  which  he  means 
the  stainable  substance  of  Nissl.     The  majority  of  investigators, 


*  Flemraing's  Interftlarmasse.  +  Flemming's  Filarmasse. 
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but  by  no  means  all,  are  agreed  that  the  non-stainablc  substance 
(»f  the  cell  body  is  closely  allied  to,  if  not  identical  in  structure 
with,  that  of  the  axone  and  of  the  axone  hillock.  Others,  how- 
ever, look  upon  the  axone  as  a  specifically  differentiated  |K)rtion 
of  the  ganglion  cell  body,  differing  entirely  from  the  rest  of  the 
cytoplasm  in  structure.  Benda  has  advanced  a  number  of  in- 
teresting hypotheses  in  this  connection,  comparing  the  histo- 
genesis of  the  nerve  cell  and  its  processes  to  the  deyelopmeut 
of  the  striped  muscle  fibre.  The  cells  which  give  rise  to  mus- 
cle fibres,  the  so-called  sarcoblasts  of  Marchesini,  contain  a 
protoplasm  which,  in  part,  becomes  differentiated  to  form  the 
muscle  fibrils,  but  in  small  amount  persists  as  the  so-called  sar- 
coplasm  of  adult  muscle.  Benda  describes  the  neuroblast  of 
His  as  being  made  up  of  protoplasm  and  of  paraplasm,*  the 
latter  belonging,  according  to  him,  to  the  non-stainable  por- 
tion of  the  nerve-cell  body.  Benda  thinks  that  the  protoplasm 
of  the  neuroblast  in  the  course  of  development  is  in  part  dif- 
ferentiated into  a  fibrillary  substance  constituting  the  nerve 
fibrils  of  the  axone  as  well  as  portions  of  the  cell  body  and 
dendrites,  but  in  part  remains  undifferentiated,  even  in  the 
fully  developed  nerve  cell,  as  basophile  neuroplasm,  quite 
analogous  to  the  sarcoplasm  of  muscle.  Xissl  has  objected 
that  these  views  are  purely  hypothetical,  and  states  that  the 
developmental  lourse  of  a  neuroblast  can  not  be  brought  into 
analog}'  with  that  of  a  sarcoblast.  Apathy,  when  describing 
his  •''nerve  cells"  (as  opposed  to  his  "ganglion  cells''),  states 
that  they  pnxluce  neurofibrillar  just  as  muscle  cells  produce 
muscle  fibrilla?.     He  also  compares  "  nerve  cells  "  with  muscle 


*  Vvn  Kupffer  lUebcr  Diflfcrenzirung  di?s  Protoplasmas  an  den  Zellen 
lhieris*h»rr  Gtrwt-Ur,  .Schrifl.  d.  naturw.  Ver.  f.  Schlesw.-HoUt.,  Kiel,  Bd. 
i,  1S7>.  H.  3.  S.  iOO*  first  contrasieil  the  "  pn>toplasm  *'  with  the  ^  paim- 
pla>m  "  ••f  '.ells.  lie  u>i'd  the  word  protoplasm  to  indicate  the  iotemml 
or  endr'j.la.<!r.io  |-»rtions  of  the  cell  Ix^ly — that  is,  those  adjacent  to  the 
,m^>I^ii5 — while  the  wonl  pAni[>Iasm  desijniaied  the  f»eripheral  cell  plasm. 
The  terras  had  therefore  only  a  topo^rraphical  signification  and  had  no  ref- 
erence to  the  finer  pnnoplasmic  structure,  as  have  the  wonls  mitom  and 
paramitom.  spongioplasm  and  hyaloplasm.  Many  histologists  have  failed 
to  reoognixe  this  fact — Benda.  for  example.  t|Uote^l  here,  uses  paraplasm  in 
Um  sen^  of  p*rmmitom.  In  a  recent  article  (Telx^r  Knergiden  nnd  para- 
plwtische  BUdangen :  Rektoratsrp<le.  MQnohen,  ISIH*)  von  Kupffer  hiniself 
protopUum  to  indicate  the  pTimary  and  a(*tive  part  of  the  cell,  and 
m  the  seooodarr  or  {^asfe»ive  part. 
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cells  in  their  histogenesis,  and  believes  that  a  "  nerve  cell  "  is  no- 
more  capable  of  the  highest  functions  of  conduction  before  the 
appearance  of  the  neurofibrillae  than  is  a  muscle  cell  of  the 
highest  functions  of  contraction  before  its  peculiar  fibrillae 
have  been  differentiated. 

One  thing  would  seem  certain,  if  we  have  to  deal  in  nerve 
cells  with  a  fibrillary  structure  at  all,  the  fibrils  must  be  sought 
within  the  "  non-stainable  "  portion  (in  the  sense  of  Nissl)  of 
the  cell.  Becker  *  has  asserted  that  he  has  stained  electively 
with  haematoxylin-copper  the  substance  of  the  nerve  cell  which 
remains  unstained  by  ^Nissl's  method,  and  finds  that  it  con- 
sists essentially  of  actual  nerve  fibrils.  It  represents,  he  says, 
the  direct  continuation  of  the  primitive  fibrils  of  the  axone 
into  the  cell  body  and  the  dendrites,  an  idea  which  approaches 
closely  to  that  advanced  by  Max  Schultze.  Becker's  studies 
were  made  upon  the  motor  cells,  and  Nissl  has  recently  agreed 
that  the  existence  of  the  fibrillary  nature  of  this  part  of  the  cell 
body  has  been  proved  for  these  cells.  He  says,  however,  that 
Becker's  method  does  not  suffice  for  the  decision  of  the  ques- 
tion in  all  varieties  of  nerve  cells,  and  that  the  nature  of  the 
structure  in  cells  other  than  the  motor  cells  must  for  the  pres- 
ent remain  undecided  f  The  wonderful  demonstrations  of 
Ap&thy  of  curiously  complex  fibrillary  relations  in  the  nerve 
cells  have  already  been  referred  to  at  some  length  in  Chapter 
VI,  and  need  not  be  described  again  in  this  place.  We  await 
with  considerable  eagerness  the  appearance  of  Apathy's  second 
communication,  in  which  he  promises  to  compare  his  own  find- 
ings with  the  observations  and  opinions  of  other  investigators. 

Stimulated  by  the  results  attained  by  Apdthy,  Bethe  J  has 
attempted  to  demonstrate  the  fibres  in  the  cells  of  vertebrates 
and  especially  in  human  nerve  cells.  The  method  of  Apdthy 
does  not  appear  to  yield  very  satisfactory  results  when  applied 
to  the  nervous  system  of  higher  mammals.     Bethe,  however,  has 

♦  XX.  Wanderversammlung  der  stldwestd.  Neurologen  und  Irrenarzte  in 
Baden-Baden  am  25.  und  26.  Mai  1895.  Archiv  f.  Psychiat.  u.  Nervenkr., 
Berl.,  Bd.  xxvii  (1895),  S.  953. 

t  In  a  still  later  article,  Nissl,  on  the  ground  of  the  preparations  of 
Apdthy  and  Bethe,  accepts  a  fibrillary  structure  for  the  nerve  cells  in  gen- 
emL 

X  Bethe,  A.  Ueber  die  Priraitivfibrillen  in  den  Ganglienzellen  voin  Men- 
schen  und  anderen  Wirbelthieren.  Morphol.  Arb..  Jena  (1898),  B<1.  viii, 
S.  95-116. 
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developed  a  method,  the  details  of  which  are  not  yet  published, 
which  stains  the  fibrils  beautifully,  even  in  the  nerve  cells  of 
man.  The  principal  points  in  the  method  are  as  follows :  The 
Xissl  bodies  are  first  removed  from  the  sections  by  treatment 
with  ammonia,  in  which  they  are  soluble.  Later,  the  sections 
are  treated  with  hydrochloric  acid,  and  afterward  with  molyb- 
dic  acid  followed  by  toluidin-blue.  The  fibrils  by  this  method 
stain  of  an  intense  blue  color. 

Bethe  has  been  able  to  demonstrate  the  fibrils  in  different 
parts  of  the  central  nervous  system  in  both  cells  and  fibres  as 
well  as  in  the  peripheral  nerve  fibres.  In  the  axones  of  the 
peripheral  nerves  the  fibrils  appear  distinctly  stained,  with  deli- 
cate smooth  contour  running  in  a  somewhat  wavy  course  and 
nearly  parallel  to  one  another.  Single  fibrils  can  be  followed 
for  a  distance  of  fifty  microns  and  farther.  They  seem  to  be 
imbedded  in  a  homogeneous  ground  substance.  Bethe  can 
find  no  indication  of  the  honeycomb  structure  of  Biitschli.  In 
longitudinal  sections  no  transverse  fibrillse  can  be  made  out 
connecting  tlie  longitudinal  fibrils,  and  in  cross  sections  of  the 
axones  the  fibrils  appear  as  isolated  points  in  the  homogeneous 
substance.  The  fibrils  are  more  separated  from  one  another  in 
the  axones  in  the  peripheral  nerves  than  in  those  inside  the 
central  nervous  system,  apparently  owing  to  the  presence  of 
relatively  larger  amounts  of  the  homogeneous  substance. 

The  fibrils  inside  the  nerve  cells  are  so  distinctly  stained  that 
Bethe  is  much  impressed  with  their  independence.  He  does 
not  think  that  they  are  actually  a  part  of  the  protoplasm  since 
they  seem  to  be  so  markedly  diiferentiated  from  the  latter. 
They  occur  everywhere  in  the  unstainable  substance  of  Nissl. 
Bethe  differs  from  Apathy  with  regard  to  the  relation  of  the 
fibrils  to  one  another  inside  the  nerve  cells ;  whereas  Ap&thy 
describes  the  formation  of  fine  intracellular  plexuses  and  net- 
works through  multiple  anastomoses  formed  by  the  subdivisions 
of  the  fibrils  within  the  cell  protoplasm,  Bethe  is  of  the  opinion 
that  the  fibrils  do  not  unite  at  all  inside  the  cells,  and  that  the 
close  perinuclear  plexus  which  often  resembles  a  network  is  in 
reality  only  a  feltwork  of  isolated  fibrils. 

Thus  far,  Bethe  has  studied  chiefly  the  Purkinje  cells  in  the 
cerebellum,  the  pyramidal  cells  in  the  cerebral  cortex,  and  the 
cells  in  the  ventral  horn  and  in  the  dorsal  horn  of  the  spinal 
cord. 
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His  statements  with  regard  to  the  fibrils  in  the  dendrites 
and  axones  are  of  the  deepest  interest.  He  finds  that  not  all 
the  fibrils  entering  by  means  of  dendrites  into  the  cell  body 
pass  out  by  way  of  the  axone ;  on  the  contrary,  they  are  just  as 
likely  to  pass  out  of  the  cell  body  by  way  of  another  dendrite, 
and,  what  is  still  more  interesting,  Bethe  asserts  that  he  has  fol- 
lowed fibrils  along  one  branch  of  a  dendrite  into  another  branch 
of  the  same  dendrite,  thus  not  entering  the  nerve  cell  at  all. 
Again,  in  the  pyramidal  cells  of  the  cerebral  cortex  he  finds  that 
most  of  the  fibrils  run  longitudinally  through  the  apical  den- 
drites and  cell  body,  but  they  are  evenly  distributed  to  all  the 
processes  at  the  base — that  is  to  say,  to  the  dendrites  there  as 
well  as  to  the  axone.  The  lateral  dendrites  of  the  cell  are  con- 
nected by  means  of  another  series  of  fibrils  with  one  another 
and  with  the  axone.  Bethe  is  inclined,  therefore,  since  he  re- 
gards the  fibrils  as  the  conducting  substance,  to  discount  the 
general  opinion  that  the  nature  of  axones  and  dendrites  is  fun- 
damentally different.  As  von  Lenhossek  says,  however,  in  his 
critique  *  of  Bethe's  paper,  it  is  by  no  means  proved  that  the  in- 
terfibrillary  substance  is  excluded  from  the  conduction.  Von 
Lenhoss6k  emphasizes  the  fact  that  the  marked  differences  be- 
tween the  axone  and  the  dendrites  in  Golgi  and  Xissl  preparations 
can  not  be  without  definite  physiological  significance.  If  the 
fibrils  alone  conduct,  Bethe's  studies  would  upset  entirely  the 
widespread  view  concerning  the  cellulipetal  character  of  den- 
dritic conduction.  But  this  view  of  an  exclusive  cellulipetal  con- 
duction for  the  dendrites  and  exclusive  cellulifugal  conduction 
for  the  axones,  has,  in  my  opinion  (cf.  Section  V),  always  been 
founded  upon  a  totally  insufficient  basis  of  experience,  and  it 
would  not  be  surprising  should  a  conduction  in  both  directions 
be  proved,  whether  the  views  of  Apdthy  and  Bethe  are  or  are  not 
in  accord  with  the  facts. 

The  statement  is  usually  made  that  Golgi's  method  is  inap- 
plicable to  the  study  of  the  interior  of  the  nerve  cells.  As  this 
volume  is  going  through  the  press,  Golgi  f  publishes  a  descrip- 
tion of  a  fine  network  inside  the  cell  body  of  the  Purkinje 
cells  demonstrable  by  a  slight  modification  of  the  osmo-bichro- 


♦  Neurol.  Ceiitralbl.,  Leipz.,  Bd.  xvii  (1898),  S.  944-947. 
f  Golgi,  C.    Sur  la  structure  des  cellules  nerveuses.    Arch.  ital.  de  biol., 
Turin,  t.  xxx  (1898),  pp.  60-71. 
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mate  prooedure  (Fig.  78).  Similar  networks  have  been  seen 
by  Veratti,  an  assistant  of  (Jolgi,  in  tlie  large  nerve  cells  which 
Golgi  believes  give  origin  to  the  axones  of  the  nerrus  troch- 
learia.  Golgi  states  that  he  cau  say 
nothing  concerning  the  significance  of 
tlie  enilocellular  network,  but  he  is  in- 
clined to  believe  that  hiB  findings  thus 
far  are  only  a  partial  manifestation  of 
finer  and  more  complex  structures.  He 
feels  sure,  however,  that  this  network 
has  nothing  in  common  with  the  clas- 
sical description  of  Max  Schultze  and 
his  school ;  that  it  has  no  analogies  with 
the  pictures  discernible  in  Xissl  prepa- 
rations, and  that  it  offers  no  correspond- 
ence with  the  interesting  results  of 
iiiilariH-t-  Api'ithy  concerning  the  nerve  cells  of 
iiiini  oV   invertebrates. 

rX""  *I«'*^'  '"  "dJition  to  his  studies  of 

IV  raiiiil  the  stainable  part,  has  also  turned  his 
itiii.  lie  attention  to  the  ground  mass  of  the 
hi<^.Tim.i.i.  xx».  iww,  protoplasm  of  nerve  cells;  the  full 
results  of  his  research  have  been  pub- 
lished in  an  article  of  nearly  one  hundred  pages,  and  bean- 
tifuUy  illustrated  with  lithographic  plates.*  He  states  that 
ill  sections  fixed  with  alcohol,  picro8uli)huric  acid,  or  cliromic 
acid,  it  has  a  distinctly  reticular  appearance.  In  very  thin 
sections  he  can  make  out  granules  which  are  extremely  fine, 
staining  on  the  limits  of  microscopic  perceptibility.  No  fibrilln 
could  be  observed  except  at  the  wedge  of  origin  of  the  axone 
and  in  the  more  cytodistal  portions  of  the  dendrites,  in  which 
the  tigroid  masses  cease  to  appear.  Here  he  could  make  ont, 
stained  briglit  red  in  erytlirosin,  a  fine  longitudinal  striation 
along  with  an  arrangement  of  extremely  fine  granules  in  rows 
and  pressed  together,  as  it  were,  so  as  to  give  the  appear- 
ance of  fibrilliH.  Held  believed  at  first  that  he  had  before 
him  the  fibrils  of  Mas  Hchultsc.     On  using  dilute  solutions  of 
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*  Ilclil,  II.  Heitrtt^T:  wir  Struftur  tier  Xi;rT(-iix.'licn  uiiil  ihrer  Fortsfitee. 
Zweite  AbhumllLinc-  Arrli.  t.  Annt.  ii.  I'liyniol..  An&t.  Abth..  l^ipi.  (1897). 
H.  iii  11.  it,  S.  204-21M. 
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chromic  acid,  however,  and  of  ammonium  bichromate,  he  did 
not  obtain  fibrils,  but  in  the  thinnest  sections  saw  distinct 
foamlike  structures;  especially  on  staining  with  iron-hjema- 
toxylin  without  any  subsequent  differentiation,  he  obtained 
honeycomb  pictures  which  correspond  entirely  to  the  pictures 
and  descriptions  of  Biitschli.  Held,  in  opposition  to  Max 
Schultze  and  H.  Schultze  among  the  older  histologists,  and  Flem- 
ming,  Benda,  and  Dogiel  of  the  present  time,  is  inclined  to  ac- 
cept Butschli's  view  that  the  fibrillffi  of  the  older  observations 
correspond  to  longitudinal  layers  of  honeycomb  cells  which  lie 
close  over  one  another ;  Held  will  not  grant,  however,  that  the 
nerve  cell  actually  possesses  a  honeycomb  structure,  since  he 
believes  that  fixing  agents  with  which  it  appears  exercise  a 
marked  vacuolizing  influence  upon  living  nerve-cell  proto- 
plasm.* He  has  worked  with  an  extensive  series  of  fixing  re- 
agents, including,  in  addition  to  the  weak  bichromate  solu- 
tions used  by  Schultze,  the  fixing  fluids  which  Biitschli  has 
employed,  and  also  the  majority  of  the  fluids  now  generally 
applied  in  the  technique  of  modern  cytology.  The  results 
he  has  obtained  lead  him  to  the  view  that  the  various  differ- 
ences met  with  in  the  descriptions  of  investigators  in  different 
laboratories  are  in  large  part  due  to  the  fixing  factor.  Nor 
does  Held  accept  Rosin's  view  that  of  the  two  main  sub- 
stances in  nerve  cells  one  is  acidophile  and  the  other  baso- 
phile.  Relying  rather  upon  the  recent  researches  of  A. 
Fischer,!  and  of  the  Italian  investigator  Galeotti,!  he  has 
come  to  the  conclusion  that  the  so-called  elective  stains  de- 
pend more  upon  physical  factors  than  upon  purely  chemical 
differences.  In  the  first  place,  closely  arranged  granules  absorb 
coloring  matters  much  more  intensely  and  hold  them  longer 
when  subjected  to  differentiating  fluids  than  loosely  built 
parts;  and  secondly,  the  "covering  power"  {Deckkrafi)  of 
dyes  has  to  be  considered,  since  through  covering-over  con- 
stituents, stainings  which  are  really  only  apparent  can  result. 


*  Rain6n  y  Cajal  {op.  cit.)  has  recently  supported  vigorously  the  doetrine 
of  a  honeycomb  structure  for  the  unstainable  substance. 

f  Fischer,  A.  Zur  Kritik  der  Fixirungsmethoden  und  der  Granula. 
Anat.  Anz.,  Jena,  Bd.  ix  (1894),  S.  G78-680;  also  Neue  Beitrilge  zur  Kritik 
der  Fixirungsmethoden.   Anat  Anz.,  Jena,  Bd.  x  (1894-'95),  S.  769-777. 

X  Galeotti,  G.  Ueljer  die  Granulation  in  den  Zellen.  Internal.  Monat- 
schr.  f.  Anat.  u.  Physiol.,  Ijcipz.,  Bd.  xii  (1895),  S.  440;  461. 
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Jlethyleno  bhie,  for  (ixamplo,  is  known  to  haye  a  very  high 
covering  power. 

Van  (iieson,  van  fiehnchten,  RamuQ  y  Cajal,  and  othera 
RRBort  the  existent^e  of  a  distinct  reticulum  which  extends 
throughout  the  cell  body  and  all  its  proceeses  (dendrites  and 
axonea).  There  may  be,  they  think,  a  difference  between  the 
reticulnm  in  the  dendrites  and  that  in  tlie  axonea.  Filling  up 
the  interstices  in  the  reticulum  and  bathing  it  ia  the  softer  and 
more  fluid  part  of  the  nerve  cell,  the  cell  aap.  Van  Gieson  re- 
ports some  interesting  experiments  made  on  the  nerve  cells  of 
the  cockroach,  in  which  he  has  found  it  possible  to  squeeze  out 
the  cell  sap,  leaving  behind  only  the  cytoreticulmn.  He  looks 
upon  the  cytoreticulnm  as  the  contractile  part  of  the  nerve 
cell  protoplasm,  and  believes  that,  extending  into  the  den- 
drites, it  may  enter  into  the  formation  of 
the  gemmules  present  on  many  of  these 
processes. 

The  views  which  have  been  held  re- 
garding the  structure  of  the  axone  are  as 
divergent  as  those  concerning  the  struc- 
ture of  the  non-stainable  portion  of  the 
nerve  cell  generally.  The  idea  that  it 
possesses  a  fibrillary  structure,  suggested 
by  Remak  and  so  strongly  urged  by  Max 
two  aionca  frum  ihi;  Schultze  and  Fr.  Schultze,  Engelmann 
/w™BBio»'''Xrin/t(i«f  and  von  K oil iker,  received  important  con- 
(AriirSciiii'ffiTdKckir.)    firmation  in  the  researches  of  Schieffer- 

The  cure  rifaxoni-fibnlB      ,,         .m,  .,..,.,,  ,, 

U  «iirniund(ii  hy  u  jm-  decker."  1  hts  histologist  found,  m  the 
m'riii™rn'c^wi.iH8iii"""  perfectly  fresh  nerve  fibresof  petromyzon, 
what  he  regards  as  undoubted  evidence 
of  the  existence  of  fibrils  inside  the  axone  (Fig.  79).  The 
axones  of  the  nerve  cells  of  this  animal  consist,  according 
to  Schiefferdecker,  of  two  essential  constituents,  the  axone 
fibrils  and  a  homogeneous  substance,  the  axoplasm  or  nenro- 
plasm.  In  petromyzon  the  axone  fibrils  tend  to  run  in  the 
centre  of  the  axone,  a  large  area  at  the  periphery  of  the 
axone  being  entirely  tree  from  fibrils.     This  peripheral  zone 


•  SL-hieffpnleckcr,  P.,  in  Schieffenlcokcr  ii.  Kossel.  Qewebclehre  tnit  b«- 
scmlerer  Bprlleksichtiyiirii,'  dus  meusthlielieii  Korpcrs.,  Bd.  ii,  Bmschwg. 
(1891),  S.  200. 
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consists  entirely  of  neuroplasm,  which  also  extends  in  among 
the  fibrils  of  the  central  core.  The  fibrillary  appearance  is 
easy  to  make  out  in  the  axones  of  cyclostomes  and  molluscs 
(Rawitz). 

Subsequent  researches  upon  higher  forms  make  it  not  im- 
probable that  a  similar  structure  holds  in  them.  It  would 
seem,  however,  that  in  medullated  nerve  fibres  the  axone  fibrils 
are  more  evenly  distributed  throughout  the  whole  axone,  the 
peripheral  layer  of  pure  neuroplasm  being  absent  altogether  or 
reduced  to  a  very  thin  superficial  film  (Fig.  80).     There  are 


Fig.  80. — Longitudinal  and  transverse  section  of  medullate<l  nerve  fibres  from 
the  sciatic  nerve  of  the  frog  (oHinic  acid  and  acid  fuchsine).  (After  Bieder- 
niann. )  The  longitudinal  section  shows  one  node  of  Ranvier  and  two  of 
I^ntermann's  segmentations.  The  fibrillary  structure  of  the  axone  is  shown 
in  both  long  and  vmm  section. 

many  histologists,  however,  who  refuse  to  believe  in  the  exist- 
ence of  actual  fibrils  inside  the  axones  of  higher  animals.  The 
doctrine  of  the  fibrillary  nature  of  the  axone  and  unstainable 
portion  of  the  protoplasm  of  the  nerve  cell  has  recently  received 
support  from  the  studies  of  Lugaro  *  and  of  Levi.f  The  former 
too,  in  his  studies  of  the  nerve  cell  under  pathological  condi- 
tions— for  example,  after  poisoning  with  lead  and  arsenic — 
finds  that  the  fibrils  may  become  very  distinct  inside  the  nerve 
cells.  I 

Held's  description  of  his  findings  in  the  axis  cylinders  of 
nerve  cells  is  lengthy  and  detailed.      With  a  large  series  of 


4*^ 


♦  Lugaro,  E.  Sul  valore  rispettiva  delle  parte  cromatica  e  della  acrc>- 
matica  nel  citoplasma  delle  cellule  nervose.  Riv.  di  patol.  nerv.,  Firenze, 
vol.  1(1896),  pp.  1-11. 

+  Levi,  G.  Su  alcune  particolaritA  di  struttura  del  nucleo  delle  cellule 
nervosa.     Riv.  di  patol.  nerv.,  Firenze,  vol.  i  (1896),  pp.  141-149. 

X  Lugaro,  E.  Sulle  alterazioni  degli  elementi  nervosi  negli  avvelcna- 
menti  per  arsenico  e  per  piombo.  Riv.  di  patol.  nerv.,  Firenze,  vol.  ii  (1897), 
pp.  49-64. 
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fixing  rcagt'iits,  among  which  van  (icliuchten'a   mixtur«  (fiO 
parte  alcohol  absol.,  30  parta  chloroform,  and  10  parts  acid. 

"^^^^r^-'-^'^^^WS^"^'  coiiBtant  and  satisfactory  re- 
Biirt&--;«-%  ,*^sR5;>fiaffii:.?^L-  gaits,  Held  concludes  that  there 
can  be  no  fibrillaiy  stmeture 
of  the  axis  cylinder  if  by  the 
term  fibrils  one  understands 
lEolated  threads  running  near 
one  another.  Instead  of  these, 
Held  finds  always  s  network- 
like apiioarunce  vhich  in  his 
Fm.  fli.-A^tta  -Tlinacr  l«  i.mR  «n<i  """nest  sections  is  seen  to  be 
cTiHiiicctioiihiiiii  u  Hpiiml  Riinuiion  extraordinarily  delicate  and 
d<w.  (AfHTlliUi.  An-h.  r.  Aiwt.  u.  long-meslied.  In  this  mesh- 
rhyHiiil.,  Aiiat.  Alith..  IWIT,  II,  3  u.  ™„-i,  whif  h  he  desis'nntPH  thp 
4.  T^f.  X.  Kk.  B.)  Sublininh-  mxl  ^o^K,  ft  nicn  ne  uesignaies  me 
■di'iiii-  fixutiuii;  innifllii  witirm  axosiiongium,  are  to  be  seen 
1.5  inirnniK  thick.     SuiuinK  wilh  .    .  ,  ,     ^ 

■■ryilmisiTi  nirthylriw-uiu.'.   Nciin^  certain  granules  somewhat  TS- 

vSt""'' '""°'''""^'""""' '''^^'"^'''   riable  in   size,   though   always 
very  minute,  which  lie  gener- 
ally at  the  nodal  points  of  the  network,  tliough   sometimes 
in   the  spaces  within   the  walls  of  the  vacuole-like    cavities. 


•■.*.?c?:;->.*r„V 


.f,*^-';a;'?--"''-i^""#.- '  '-^ 


'el  cf  edit  of  thtatii. 
Fig.  re.— AxiaiPhilliirldiraHiiiiuilRunKlii'nn-lliifllipdoK.     (After  Held.  An:h. 

'   1.  IliyHJol.,  Anat.  Al.th.,  1(107.  Tal.  is.  Fin.  i.)    Fixation  with  wih- 

',  paraffin  Mi-tioii  1.5  nilirvllx  llilrk  ;  Ktaininfi  with  ct^linein 


uii-tlij-icni-hlui'.  Tlit- 
thi'  niiiMiH'nKiuni  an- 
iriil  (hi'  liineituilinal  n 

tiiii't.     Tin.  ,ilt.'rati..n 


i.  thi>  nt'iiniMimi-H,  thv  <-; toHpongin  m 
I!  iirnintD'nii-nt  iif  thii  ncurumiuiat  in  ri>w» 
i>ii  .if  the  iiX'HiHineiuia  i»  particulHrly  dia- 
iiniiiii'  of  till'  TticsUwork  wbvrc  the  axonc 
niiKK'K  (jiins  uvi-r  into  liii'  ikmy  iil  the'  cill  is  ilislinctly  shown. 

These  granules — Held  calls  them  neurosomes — are  not,  he 
states,  regularly  distributed  either  in  longitudinal  or  cross 
sections  of  an  axonc  (Fig.  81).     Tlie   neurosomes  appear  to 
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have  been  observed  before  by  Biitschli,  Altmann,  and  others, 
though  but  little  attention  seems  to  have  been  paid  to  them. 
In  the  axone  hillock  the  neurosomes  present  constantly  a 
radially  converging  grouping  (Fig.  82).  They  seem  to  be 
extraordinarily  numerous  in  the  terminals  of  many  axones, 
for  example,  the  mossy  and  climbing  fibres  of  the  cerebellar 
cortex,  in  those  ending  on  the  ventral  horn  cells  (Fig.  83) 
and  in  the  terminals  of  the  axones  of  the  peripheral  olfac- 
tory neurones.  Inasmuch  as  in  the  ground  substance  of 
the  dendrites  and  cell  bodies  of  the  neurones  the  neuro- 
somes are  much  less  numerous,  a  ready  method  of  distin- 
guishing the  protoplasm  of  terminal  axones  in  cytological 
preparations  from  that  of  other  portions  of  neurones  which 
lie  in  direct  contact  (or  concrescence)  with  one  another  is 
afforded  us.* 

Montgomery,!  in  an  able  paper,  has  denied  the  existence  of 
fibrillary  structures  in  nerve  cells.  He  supports  the  doctrine 
according  to  which  hyaloplasm  and  spongioplasm  are  the  two 
principal  constituents  of  protoplasm. 

Flemming  J  emphasizes  again  that  he  has  admitted  that  his 
fibrils  may  be  connected  by  oblique  fibres  running  from  one  to 
another.  He  maintains  that  in  any  case  the  longitudinal  fibril- 
lation is  always  much  more  pronounced,  and  that  it  can  often 
be  seen  when  nothing  in  the  way  of  a  transverse  fibrillation  is 
discernible. 

Various  attempts  have  been  made  to  connect  the  function 
of  conduction  through  the  protoplasm  of  the  nerve  cell  with 
one  or  another  of  its  finer  histological  constituents.  Apathy  ^ 
especially  is  convim^ed  that  his  "neurofibrils"  represent  the 
essential  anatomical  basis  for  conduction,  and  he  constantly  re- 
fers to  these  fibrillar  as  the  conducting  element  {das  leitende 
Elevienf)  in  the  nervous  system.     Bethe  shares  this  view. 

*  Held  believes  that  the  fibrils  of  some  investigators — for  example,  iliose 
of  Dogiel — are  in  reality  identical  with  rows  of  neurosomes.  He  even  hints 
that  some  of  Plemming's  fibrils  represent  bands  of  neurosomes;  other  fibrils 
described  by  Flemming  are,  Held  believer,  beams  of  the  cytospongium. 

f  Montgomery,  T.  H.  Studies  on  the  Elements  of  the  Central  Nervous 
System  of  the  Heteronemertini.  J.  Morphol.,  Bost,  vol.  xiii  (1897),  pp. 
881-444. 

t  Flemming,  W.     Article  Zellein  Merkel- Bonnet's  Ergebnisse  der  Anat. 

u.  Entwickelungsgesch.,  Bd.  vi  for  1896,  Wiesbaden  (1897),  S.  218  ff. 

«  Op.  cit, 
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It  was  and  is  still  Leydig's  *  opinion  that  the  "  hyaloplasm  " 
of  the  nerve  cell  which  fills  up  the  meshes  of  the  spongioplasm 
represents  the  conducting  substance,  a  view  which,  in  the  main, 
was  supported  by  Xansen,  though  the  Arctic  explorer  assumed 
that  the  hyaloplasm  is  arranged,  both  in  the  axis  cylinder  and 
in  the  body  of  the  nerve  cell,  in  the  form  of  "primitive 
tubules." 

Other  investigators  assume  that  it  is  the  spongioplasm 
which  is  active  as  the  conducting  agent — an  opinion  which 
would  accord  well  with  the  ideas  of  Mac  Galium  f  with  regard  to 
the  contractility  of  muscle. 

The  hypotheses  of  Leydig  and  Nansen  have  been  vigorously 
opposed  by  Biitschli  and  by  Pflueger.  Biitschli  himself  is 
strongly  of  the  opinion  that  the  framework  substance  of  the 
nerve-cell  protoplasm,  his  Wabeiigerust ,,  must  be  considered  to 
be  the  histological  substratum  of  nervous  conduction,  since  it 
alone  extends  continuously  through  the  axis  cylinder,  and  is 
accordingly  the  only  structure  in  a  position  to  underlie  the 
phenomenon  referred  to.  He  brings  forward  in  favor  of  his 
view  the  statement  of  Pflueger  that  nerve  fibres  can  be  excited 
only  by  means  of  currents  directed  longitudinally,  not  by  cur- 
rents directed  transversely. 

Held  argues  that,  in  view  of  the  possibility  that  the  so-called 
foam  structure  may  be  an  artefact,  due  to  the  fixation  of  the 
protoplasm,  it  is  premature  to  assume  that  the  mesh  work 
seen  in  fixed  specimens  is  necessarily  the  conducting  substance. 
Even  if  it  does  correspond  to  the  structure  of  living  protoplasm, 
it  would  be  difficult  to  deny  for  the  delicate  transverse  con- 
necting bands  the  possibility  of  a  function  freely  granted  to  the 
longitudinally  running  coarser  beams  of  the  meshwork.  Held  is 
inclined  to  look  upon  the  ground  substance  of  the  protoplasm, 
as  a  whole^  as  accounting  for  the  function  of  the  propagation  of 
stimuli,  though  he  does  not  deny  the  possibility  of  the  tempo- 
rary existence  of  sections  of  this  better  or  worse  adapted  for  the 
function  dependent  upon  alterations  in  vital  chemical  constitu- 
tion. 

As  a  matter  of  fact,  we  do  not  know  the  exact  histological 


*  Leydig,  F.  Dcr  reizleitende  Theil  des  Nervengewebes.  Arch.  f.  Anat. 
u.  Physiol.,  Anat.  Abth.,  Leipz.  (1897),  S.  431-464. 

fMacCallum,  J.  B.  On  the  Histology  and  Histogenesis  of  the  Heart 
Muscle  Cell.     Anat.  Anz.,  Jena,  Bd.  xiii  (1897),  S.  609-620. 
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mechanism  in  the  protoplauni  of  the  neurone  underlying  the 
conduction  of  what  we  call  nerve  stimuli,  and  we  sliould  be 
willing  to  confess  it.  If  we  form  hypotheses  concerning  it,  let 
us  label  them  distinctly  as  such, 
and  take  care  not  to  grow, 
through  familiarity  with  them, 
into  the  idea  that  our  hypotb- 
ests  are  actually  proved  facts. 

Von  Lenhossek*  has  brought 
the  Dorve  cell  into  still  closer 
agreement   with    the    general 
cellular  structure.   He  has  been 
able  to  demonstrate  within  cer- 
tain of  the  spinal  ganglion  celts 
(Fig,  Hi)  of  the  frog  the  pres- 
ence of  a  definite  centroBome 
and  attraction  sphere  {C'etdro- 
''%hTii^iIsX'^'"l'iiiir^'HiiKli™i'Mil  "ph'ire).     Ituhlerf  fiubsequent- 
ofthi  fr..K    (ti'.iuWiKin  iiftirv.«i  [„  described  a  centrosome  and 
IxlihiMwk  )     Tin  attiHitinn  K{>hLR'     J  , 

ia  Ntu  Hituatifl  in  tiu  i  vtiitiiaMii  mil  attraction  sphere  together  with 

uunKtinnKiilxn  iHHhowti  tin  H]iiizlt>  arcniplasmic  radiations  m  the 
rentnlj™'  *''"''  """"""'  '^^'^™'  ncr\-e  cell  of  the  brain  of  the 
lizard,  while  Dehler  J  has  dem- 
onstrattd  pole  (oipusdcs  and  attraction  spheres  in  the  sympa- 
thetic c(.lls  of  the  frog  Up  to  the  present  time  these  strao- 
tures,  to  which  >erj  important  functions  have  been  attributed 
by  many  cjtologists,  liait  not  been  demonstrated  in  the  nerre 
cells  of  mammals,  with  a  single  exception  to  bo  mentioned  im- 
mediately, but  it  in  not  improbable  that  the  evidence  for  their 
existence  in  these  also  will  t^oon  be  forthcoming.  I  find  in  the 
second  portion  of  KoUiker's  test-book,  which  has  recently  been 
published,  that  he  has  found  centrosome  and  attraction  sphere 
in  a  giant  pyramidal  cell  of  the  posterior  central  gyms  of  a 


•  v(ni  I,enhiis9i'?k.  M.  Cciitrosom  iiml  SjibBre  in  ili'n  KpinalganKltenEellen 
des  Frosuhes.     Ari'h.  f.  mikr.  Anal..  IJoiin  (18115).  H<i.  slvi,  S.  345-3811. 

t  Mhlor,  A.  PivjUiplasma-Strudur  in  Vordi'rhirnTollen  An  Ridecbse. 
Verhandl.  d.  i)hTs.-iiiiHl.  Ilcsollwh.  zu  Wiirzb.,  n.  F.,  lid.  Jiii  (1893),  S.  a09- 
353. 

X  Dehler,  A.  ItcitrsK  ziir  Kcniitnis  vom  fpinerpn  Ran  ilprsTinpathischen 
GaTi):lienzclie  dcs  Frosclici^    Arrli.  f.  mikr.  Anat..  Itonn,  lid.  xlvi  (189S),  S. 
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thirty-year-old  man.*  Schaffer  f  has  also  lately  described  cen- 
trosomes  in  the  ganglion  cells  of  cyclostomes,  McClure  J  in 
molluscs,  and  Hamaker^  in  Kereis. 

Margaret  Lewis  ||  has  described  centrosome  and  sphere  with 
radiating  fibrils  in  certain  giant  nerve  cells  of  a  new  annelid 
(related  to  Clymenella  torqtiata).  She  does  not  think,  however, 
that  the  evidence  yet  suffices  to  prove  that  the  central  cor- 
puscle and  sphere  of  nerve  cells  and  the  centrosome  and  sphere 
of  dividing  cells  are  equivalent  structures. 

The  significance  for  the  cell  economy  of  the  centrosome  and 
attraction  sphere  has  been  the  subject  of  considerable  contro- 
vtrsial  literature.  While  some  histologists  would  make  the 
centrosome  the  arch  power,  the  seat  of  government,  as  it  were, 
of  the  cell,  and  would  give  it  precedence  even  over  the  nucleus, 
others,  ivith  Watase,  look  upon  centrosomes  merely  as  modified 
cytomictosomes. 

It  miW5t  be  confessed  that  in  view  of  what  we  know  of  the 
relation  of  the  centrosome  to  the  phenomena  of  mitosis  a  raison 
d\Hre  for  this  body  within  the  nerve  cell  is  at  first  thought  diffi- 
cult to  find.  It  might  be  assumed,  of  course,  that  it  has  re- 
mained over  from  the  last  cell  division.  If  the  old  view  were 
correct,  that  ganglion  cells  fully  formed  never  divide,  little 
reason  could,  perhaps,  be  found  for  the  persistence  of  the  cen- 
trosome. The  studies  undertaken  of  late  make  it  necessary, 
however,  to  hesitate  before  denying  the  possibility  of  division 
of  adult  nerve  cells  by  karyokinesis ;  in  such  cells  the  centrosome 
could  be  of  its  ordinary  significance.  There  is  no  ground  as 
yet,  however,  for  the  statement  that  the  centrosome  possesses 


♦KoUiker,  A.  Handbiich  der  Gewebelehre  des  Menschen,  Bd.  ii,  Leipz. 
(1897),  S.  812. 

f  Schaffer,  J.  Ueber  einen  neuen  Befund  von  Centrosomen  in  Ganglien- 
nnd  Knorpelzellen.  Sitzungsb.  d.  k.  Akad.  d.  Wissensch.,  Math.-naturw.  CI. 
Bd.  cv,  Wien  (1896),  S.  21-28. 

X  McChire,  C  F.  \V.  On  the  Presence  of  Centrosomes  and  Attraction 
Spheres  in  the  Ganglion  Cells  of  Ilelix  Ponmtia,  with  Remarks  npon  the 
Structure  of  the  Cell  Body.  Princeton  Coll.  Bulletin,  vol.  viii  (1896),  No.  2, 
pp.  88-41. 

*  Ilamaker.  J.  I.  The  Nervous  System  of  Nereis  virenn  Sars.  A  Study 
in  Comparative  Neurology.  Bull,  of  the  Mus.  of  Comp.  Zool.  at  Harvard 
Coll.,  vol.  xxxii  (1898),  No.*  6,  pp.  89-124. 

I  Lewis,  Margaret.  Centrosome  and  Sphere  in  Certain  of  the  Nerve 
Cells  of  an  Invertebrate.     Anat.  Anz.,  Jena,  Bd.  xii  (1896),  S.  291-299. 
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no  functions  other  than  those  conci'riiud  in  tlu^  division  of 
the  cell;  indeed,  it  niiiy  hnve  to  do  in  mjiny  instiincos  with 
motor  activities  of  (rells  independent  of  those  involved  in 
niitoijii;.  Besides,  the  exiatenee  of  eeiitrosome  iind  opherc  in 
muny  oells,  which  are  not  dividing  and  which  exhihit  no  defi- 
nite phenomena  of  motihty,  make  it  likely  that  these  stnic- 
turos  are  of  value  to  the  <'en  in  ways  other  than  tho^e 
hitherto  siiggestod.  The  eentrosome  in  nerve  cells,  aw  in  otiii'i" 
cells  of  the  body,  may  appear  solid  or  it  may  sliow  niiHierowf 
centrioles. 

In  eloaing  tiiis  chapter  reference  may  also  be  madi-  to  tli'  I 
peeuliar  and  delicate  investment  of  the  cell  bodies  and  dendrii 
of  neurones  first  described  by  Uolgi  •  in  his  arti(;le  on  tin-  biVj 


cord  in  l><t''J,  piililishcd  in  the  Encvclopedie  nii'dicale.  Accord- 
ing to  the  Italian  observer  tliis  investment  presents  various  ap- 
pearances ;  sometimes  it  is  a  ivticular  struetnre ;  sometimes  it 

forms  a  ciintinuDiis  h<im[)<!t' neons  layer;  sometimes  it  appears 

•  ft.  iilsji  fi<J{;i.  ('.  Iiitiirnii  nil'  <iri(.'iiip  rli'l  iimirti)  iiitvo  iM'rebrnle  e  di 
una  '(iifMiiiiK'  ■■<t<i-llwi(il(ieii'!i  I'ln'  a  (jiu'kIo  iir^'oiiiciitfi  si  i-ollcin.  Kenilic.  t). 
R.  A(*iul.  .1.  l,iiii-i,-i  (l}fl«).  ii.  IVndi  Tnmsl.  in  An-li.  iial.  cie  biol.,  Turin! 
1.  xix  mm).  !>[..  4.VI-4TI,  Als...  Siir  li<  -.triKrlure  .ii-s  relluk-s  norveiises. 
Anil.  itul.  lie  biol..  Turin,  t.  xxx  {IX'.IH].  yy.  00-71. 


u,  86.— Pi'riceilular  iirtirorkFt  hi-llFTpd  by  HeW  In  U-  fiinniil  hy  thf  tenninalu 
iif  axun<^  (iulsi  pn'pHnitiiiiis  fmni  a  rat  twi'iilv  ll>ly^<  iilil.  Si'ctiDiis  TO  fi. 
thirk.  (AfU-r  H.  Htlil,  Arch.  f.  Aiiat.  ii.  Phyauil..  U-iia..  1SB7,  Anat. 
Ahth.,  Supjil.  Bd..  ThF.  xiv.  Fifo.  .i.  T.  und  B.  I  A.  Cell  witli  netwiirk  fyiini 
nucliiui  nprvi  nirbUiiriH  vpiilnilU  The  perici-lhilnr  ni-twork  8iirniuinl«  thi- 
whole  veil  aad  a  donilritn  jwmntc  upwnnl.  The  fthrr  a  cornvpniiilit  to  one 
•tr  thi'  thlfkennl  fihrvx  of  the  N.  nH-hh'B'  ile«-rilio(l  l)y  Ramlin  y  (^1  ami 
Held.  Beynnd  tlie  thli'kviuil  Kpot  flliriln  gii  tn  join  tlu-  Kcnenil  iH'TM'rlliiUr 
network.  B.  Ihirt  of  the  iKtnorfc  amuiiil  u  e.11  In  the  niieleiiH  nervi  viittlh- 
ulariH  IfttcTulU  (IJciti-ntl.  Held  liellevcii  thut  the  thiekeninHH  in  the  net' 
work  niny  correniHiiid  ti>  the  H|[Kn'K»('o">'o''ne<in"'"nieH  whieh  main  ill  inin- 
hwniHtiixylin  preparalinns,  n.  h.  r,  d.  r.  f,  nxunex  nhirh  liclp  to  fnnn  tli« 
network.  <'.  Purt  of  the  network  Hniiilid  n  I'ell  at  the  niieleiM  nf  rvi  eoi'h- 
IniriK  vt'iitniliH -.  the  iinastiiinoiu-s  of  the  eiMrxer  sulxllviKionx  of  the  flhren 
a  and  h  iitid  the  liir^er  swelling^  of  the  threads  uf  the  network  urv  elenrly 
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as  u  nifisiiic  of  tlclicato  ncalt-a;  nut  mfrei|upmly  it  i>r(-s( 
iiiiirkni^r»i  wliiHi  pri)liiibly  oorrfS|KHid  to  tin?  itupiiuu  of  m 
fibres  or  oIIut  librcrt  iniiiiiijjiiiji  iiti  tin-  iutvl-  cfll.  Tin?  n-t 
liir  viiricty  M-eiiw  to  In-  mii.*t  eoiiuiioii ;  it  iiuiy  invest  the  w) 
of  tlie  edl  body  mid  bo  fullowcd  out  iijioii  tlie  brimeliinjr  i 
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drites  iis  fur  ;ts  tlie  sididivisioiis  uf  tbe  sceund  iiinl  tliinl  order ; 
ii[H)ii  tliese  liruiiclies,  liDUcviT.  it  loses  its  retieidiir  nuttire  iu 
iiriler  to  iisstinie  tbe  e|i;iriieter  i>f  ii  hoiiiijjreiU'iius  liiyer.  liolgi's 
illiislrjiiive  (ijruif  is  rejimdiieed  us  l''i;r.  f*"!-  As  to  tlie  exact 
iiEiture.df  ilii-  snbstnnre  eittn'i-nied,  liol;.n  speiik^i  Viifruoly,  au|B;- 
jresliiiir  tluit  il  iiiiiy  be  iif  tlie  iiiitiir.'  of  iieun^keriitiii,  tliong-h 
liis  di;:esli(.n  e.\])erinienls  with  tryiisin  mid  jriislrie  juice  are  not 
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CHAPTER    XIV. 

SUMMARY   OF   OUR    KNOWLEDGE    UPON   THE   INTERNAL 

STRUCTURE   OF   NEURONES. 

Conflicting  views  regarding  cell  organization  in  general — Summary  of  the 
existing  state  of  knowledge  concerning  tlie  internal  structure  of  neu- 
rones. 

It  must  be  obvious  that  the  idea  entertained  by  any  given 
investigator  regarding  the  ultimate  structure  of  the  nerve  cells 
is  colored  deeply  by  the  opinion  which  he  holds  as  to  the  nature 
and  structure  of  protoplasm  in  general.  Until  some  agreement 
has  been  arrived  at  among  cytologists  regarding  the  latter, 
we  can  scarcely  hope  for  a  unanimity  of  opinion  concerning  the 
former.  It  is  not  necessary  here  to  discuss  in  detail  the  diverse 
theories  bearing  upon  the  nature  of  protoplasm.  A  whole 
series  of  them — the  micellar  theory  of  Nageli,  the  network 
theory  of  Frommann,  the  thread-framework  theory  of  Flem- 
ming,  the  foam  or  honeycomb  theory  of  Biitschli,  the  plasome 
theory  of  Wiesener,  the  biol)la8t  theory  of  Altmann,  as  well  as 
many  others — have  been  fully  outlined  and  compared  in  several 
places.*  The  majority  of  histologists  and  zoologists  can  not 
conceive  of  the  cell  as  the  elementary  organism  of  the  body,  but 
postulate  the  existence  of  units  or  elementary  organisms  much 
smaller  than  cells. f     Those  who  are  interested  in  developmental 

♦  Cf.  Hertwig,  0.  Die  Zelle  und  die  Gewebe,  Jena,  1893 ;  Camoy,  J.  B., 
and  II.  Lebrun.  La  cytodierOse  de  I'a'uf.  La  vesicule  germinative  et  les 
globules  polaires  chez  les  batraciens.  (^ellule,  Lierre  and  Louvain,  t.  xii 
(1897),  pp.  189-295 ;  and  especially  for  a  brief  but  thorough  critical  review 
consult  Waldeyer,  W.  Die  neueren  Ansichten  iiberden  Bau  und  das  Wesen 
der  Zelle.  Deutsche  med.  Wchnschr.,  licipz.  u.  Berl.  (1895),  xxi,  703;  727; 
764;  776  ;  800;  846.  For  an  admirable  review  of  the  modem  literature  con- 
cerning the  finer  structure  of  the  cell,  in  which  many  original  observations 
are  included,  the  book  of  E.  B.  Wilson,  which  has  recently  been  published, 
entitled  The  Cell  in  Development  and  Inheritance,  N.  Y.  (1897),  8vo,  is 
heart ilv  recommended. 

t  The  reader  who  interests  himself  in  this  side  of  cytology  is  referred  to 
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relations  and  their  bearing  upon  heredity  have  perhaps  gone 
furthest  in  this  direction.  Roux,  an  apostle  of  the  mechanical 
theories  of  development,  not  only  assumes  the  existence  of  ele- 
mentary organisms  within  the  cell,  but  classifies  them  into  a 
number  of  varieties  corresponding  to  their  main  characteristics — 
for  example,  into  "  idioplassonten,"  "  isoplassonten,"  "  automeri- 
zonden,"  "  autokineonten  " ;  and  those  who  are  familiar  with 
the  writings  of  August  Weismann  will  remember  the  enormous 
significance  which  is  attached  to  his  "  biopliores,"  "  determi- 
nants," and  "  ids." 

In  fine,  the  status  of  our  knowledge  about  the  internal  struc- 
ture of  the  protoplasm  of  nerve  cells  may  perhaps  be  summed 
up  as  follows ;  A  neurone  is  made  up,  like  all  other  cells,  of 
nucleus  and  protoplasm.  In  the  latter  a  centrosome  and  a  so- 
called  attraction  sphere  are  present ;  at  least,  they  have  been 
demonstrated  in  a  certain  number  of  nerve  cells.  The  protoplas- 
mic portion  of  the  cell  can  be  roughly  divided  into  a  peripheral 
exoplasmic  portion  and  a  central  endoplasmic  portion.  In  neu- 
rones, as  in  muscle  cells,  though  less  distinct  in  the  former  than 
in  the  latter,  there  is  a  tendency  to  a  fibrillary  structure,  the 
fibrillation  being  more  pronounced  in  the  peripheral  exoplasmic 
portion  of  both  nerve  and  muscle  cells  than  in  the  endoplasmic 
portion  of  the  protoplasm.  In  both  exoplasm  and  endoplasm 
there  can  be  made  out,  in  tissues  which  have  been  fixed,  a  more 
or  less  homogeneous  ground  substance  in  which  are  deposited 
larger  and  smaller  masses  of  a  granular  nature.  The  ground 
substance  corresponds,  in  tissues  fixed  with  alcohol  and  stained 
by  the  methods  of  Nissl  and  Held,  to  the  "  unstainable  sub- 
stance "  of  Xissl,  and  the  masses  of  granules  to  the  "  stainable 
substance  "  of  Xissl  and  the  pigment. 

The  "  stainable  substance  "  of  Xissl  (the  tigroid  substance 
of  von  Lenhossek)  in  tissues  of  healthy  animals  of  the  same  age 


the  following  :  Graf,  A.,  The  Individuality  of  the  Cell,  with  an  Introduction 
on  the  Application  of  Cellular  Biology  to  the  Problems  of  Pathology  by  Dr. 
Van  Gieson,  State  Hosp.  Bull.,  Utica  (1897),  ii,  pp.  169-188;  Stohr,  A., 
Letzte  Lebenseinheiten  und  ihr  Verband  zu  einem  Keim plasma  Leipzig  u. 
Wien  (1897) ;  Meyer,  A.,  Die  Plasmaverbindungen  und  die  Membranen  von 
Volvox  globator,  aureus  und  tertius,  mit  Rilcksicht  auf  die  tierischen  ZcUen, 
Bot.  Ztg.,  Leipz.,  B<1.  liv  (1896),  No.  11-12;  and  von  Kolliker,  A.,  Die  Ener- 
giden  von  v.  Sachs  im  Tjichte  der  Gewebelehre  der  Thiere,  Verhandl.  d. 
phys.-med.  Gesellsch.  zu  Wttrzb,  n.  F.,  Bd.  xxxi  (1897),  S.  1-21. 
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and  species,  killed  in  a  prescribed  manner  and  submitted  to 
the  same  method  of  fixing  and  staining,  is  tolerably  constant 
in  appearance  and  arrangement  in  the  cell  bodies  and  den- 
drites of  the  same  groups  of  nerve  cells,  a  fact  of  extreme 
importance  for  nerve  anatomy  and  pathology.  The  axoues,  as 
well  as  their  hillocks  of  origin  in  the  bodies  of  the  nerve  cells, 
appear  to  be  entirely  devoid  of  the  "  stairiable  substance  "  of 
^'issl. 

Whether  the  stainable  substances  represent  bodies  precipi- 
tated from  solution  through  the  action  of  reagents  or  bodies 
pre-existent  tliough  invisible,  first  brought  into  view  through 
tlie  action  of  fixing  or  staining  reagents  in  the  hardened  tissues, 
in  either  case  they  appear  to  yield  the  chemical  tests  character- 
istic of  the  group  of  nucleo-albumins.  Whether  the  staining 
reaction  characteristic  of  the  stainable  substance  depends  upon 
chemical  relations  or  upon  purely  physical  conditions  must,  for 
the  present,  remain  undecided. 

The  "  unstainable  portion  "  of  the  cell  body — that  is,  the 
ground  substance — though  probably  functionally  much  more 
important  than  the  ''  stainable,"  is  not  so  well  understood ;  its 
nature  and  structure  are  still  as  obscure  as  those  of  protoplasm 
in  general.  It  is  here  that  the  so-called  fibrils  of  the  various  in- 
vestigators (Flemming,  Apathy,  Lugaro)  occur.  In  this  ground 
substance,  aside  from  the  Xissl  bodies,  very  fine  granules  or 
nodule  formations  can  be  demonstrated  which  stain  with  ery- 
throsin  and  with  acid-fuchsine  (Held's  neurosomes),  and  in  cer- 
tain parts  of  the  neurones  tliese  are  arranged  in  rows,  thus 
bringing  the  nerve  cell  into  agreement  with  what  has  been  ob- 
served in  animal  cells  generally.  The  ground  substance  is  eas- 
ily vacuolizable,  and  the  erythrosinophile  granules  apparently 
represent  the  nodal  points  of  the  meshwork  which  results  from 
tlie  vacuolization,  tliough  sometimes  they  appear  to  lie  in  the 
vacuolar  cavities.  With  suitable  metliods  not  only  can  longi- 
tudinal markings  connecting  the  nodal  points  be  made  out,  but 
also  more  delicate  transverse  markings.  As  to  the  physiology 
of  the  various  elementary  histological  constituents,  we  can  say 
but  little.  The  nucleus  doubtless  presides  over  the  functions 
of  nutrition.  In  some  way  or  another  the  ground  substance 
conducts  wliat  we  call  nerve  impulses,  whether  as  a  whole  or  by 
means  of  fibrils,  a  network,  walls  of  honeycomb  spaces,  hyalo- 
plasm, rows    of  neurosomes.   Apathy's    conducting  primitive 
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fibrils,  or  Engelmann's  longitudinal  rows  of  neurotagmen  ad 
normam  inotagmen,  we  do  not  know.* 

Should  intercellular  substances  other  than  the  lymph  and 
neuroglia,  of  a  fibrillary  or  more  homogeneous  nature,  sometime 
be  demonstrated,  it  would  not  be  surprising,  but  thus  far  the 
proof  for  the  existence  of  such  substances  is  wanting. 

We  can  scarcely  hope  for  a  clearer  understanding  of  the 
structure  of  nerve  cells  until  our  general  cytological  knowledge 
has  been  extended.  If  too  great  a  degree  of  importance  ap- 
pears to  have  been  attached  to  the  work  which  has  been  done 
upon  the  structure  and  nature  of  the  substances  within  nerve 
cells,  two  ideas  have  influenced  me ;  in  the  first  place,  the  topic 
is  one  which  has  been  too  little  considered  in  the  text-books 
and  too  little  respected  by  research  workers  in  neurology ;  and, 
in  the  second  place,  the  bibliography  is  becoming  so  complex, 
and  in  places  so  confusing,  that  I  have  felt  that  a  connected 
risumi  of  the  work  of  others,  together  with  an  expression  of 
opinion  regarding  the  relative  value  of  the  different  researches 
based  upon  personal  studies  in  this  field,  might  not  be  unac- 
ceptable to  those  who  from  want  of  time  or  other  reasons  might 
find  the  bibliographic  studies  burdensome. 

One  thing  is  certain :  before  we  can  hope  for  a  satisfactory 
pathology  of  the  ganglion  cell,  we  must  have  before  us  clearly, 
as  Nissl  states,  a  sharply  defined  anatomy  of  the  nerve  cells. 
The  establishment  of  any  relations,  no  matter  whether  they  be 
structural  or  functional,  so  long  jis  they  are  constant,  must  al- 
ways be  welcomed.  We  are  too  often  inclined  to  undervalue  an 
enthusiasm  for  facts,  especially  when  these  at  the  first  view  ap- 
pear trivial  and  insignificant,  but  we  have  been  taught  the  folly 
of  such  depreciation  more  than  once  in  the  progress  of  ana- 
tomical and  especially  of  histological  knowledge. 


*  The  general  physiology  and  pathology  of  the  neurone  will  be  considered 
in  Section  V. 


SECTION  IV. 
THE  HISTOGENETIC  RELATIONS  OF  THE  NEURONES. 


CHAPTER   XV. 

THE   ORIGIN   OF    THE    NERVOUS    SYSTEM    IX   THE   EMBRYO    AXD 

THE   EARLIEST    HISTOGENETIC   STAGES. 

Embryology  of  the  nervous  system — The  medullary  plate — The  neural 
tube — Primary  cerebral  vesicles  and  their  derivatives — Spongioblasts 
and  neurospongium — The  marginal  veil  {RandschUier  of  His) — Ger- 
minal cells  {Keimzellen  of  His) — The  neuroblasts — Origin  of  axones  and 
dendrites. 

Havin(j  had  so  much  to  say  concerning  the  external  ap- 
pearances and  internal  structure  of  neurones  in  late  embryonic 
and  adult  stages,  it  would  scarcely  be  fair  to  close  these  mor- 
phological considerations  without  dealing  to  some  extent  with 
the  form-relations  to  be  met  with  in  the  domain  of  the  nervous 
system  earlier  in  the  history  of  the  organism.  For  not  only  has 
the  study  of  the  embryology  of  the  nervous  system,  as  I  have 
pointed  out,  contributed  enormously  to  the  development  of  our 
modern  conception  of  nervous  organization,  but  the  investiga- 
tions, on  account  of  the  accuracy  with  which  they  have  been 
pursued,  and  especially  in  view  of  the  light  they  have  thrown 
upon  processes  and  arrangements  which  before  their  advent 
were  almost  hopelessly  unintelligible,  are  surely  worthy  of  our 
serious  attention  and  command  our  thankful  admiration. 

The  study  of  embryology  attains  its  maximum  of  interest  in 
the  consideration  of  the  development  of  the  human  nervous 
system.  It  is  not  my  intention  at  this  time  to  review  what 
must  already  be  familiar  to  all — the  processes  of  fertilization  and 
of  segmentation,  the  formation  of  the  medullary  plate  and  of 
the  medullary  groove,  the  forerunners  of  the  nerve  tube — nor  to 
describe  how  it  is  that  the  three  bulgings  (anterior,  middle, 
and  posterior  cerebral  vesicles)  at  the  head  end  of  this  simple 
158 
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tube  (Fig.  88),  which  correspond,  ih^ first  to  the  fore-brain  (telen- 
cephalon) and  inter-brain  (diencephalon),  the  second  to  the  raid- 
brain  (mesencephalon),  and  the  third  to  the  hind-brain  (meten- 


cephalon)  and  after-brain  (myelencephalon),  gradually  undergo 
those  metamorphoses  which  ultimately  yield  the  complicated 
brain  structure  characteristic  of  the  adult.*    The  relations  will 


'The  results  of  the  studies  of  His  upon  the  gross  morpholoi^  of  the 
human  nervous  sjEtem  during  development  have  been  mode  accessible  to  all 
through  his  pubIientions,andespecitillyby  meansof  an  excellent  series  of  exact 
wax-model  reproductions.  Based  upon  these  we  have  been  supplied  tor  the 
first  time,  too.  with  a  nomenclature  for  the  nervous  structures  which  meets 
the  demands  of  embryology,  comparative  anatomy,  and  clinical  neurology — 
a  nomenclature  the  use  of  which  I  can  not  too  strongly  recommend  to  those 
who  have  occasion,  in  writing  or  teaching,  to  make  use  of  neurological  terms. 
Cf.  Section  Keurologia,  in  Die  anatomische  Xomenclatur.  Nomina  Ana. 
tomica,  Ver/.eichniss  der  von  der  anatomisehen  Qesellschaft  auf  ihrer 
is.  Vers,  in  Basel  angenommeneii  Xamen.     Eingeleitet  und  erlSutert  von  W. 


ir>() 
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be  sufficiently  clear  if  the  reader  study  carefully  tho  diagrams 
(Figs.  89-92)  here  inserted  with  their  appropriate  legends. 


Fk;.  H».  -Median  action  throuKh  i'ni])ryo  human  ]>rain  at  the  end  of  the  first 
month.     <  After  W.  His,  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Lcipz.,  Ifi^.  > 


I.  1.  Pars  viMitralis. 

II.  1.  Pons. 

III.  I.  IV<lunc"uli  cerrhri. 

IV.  I.  IVcJuntuU  cen'hri. 


I.  MyehMicephalon. 

I.  2.  Pars  dorsalis. 
II.  Mctcn«i'i)hahm. 

II.  2.  CiTobellum. 

III.  Isthmus. 

III.  2.  Brachia  conjunctiva,  Vel.  med.  ant. 

IV.  Mc.si*nccphah)n. 
IV.  2.  (\)ri)()ni  quadrigcniiua. 


V.  Dicncci>halon. 
V.  I.  Pars  mammilUiris  hypothalami.    V.  2.  Thalamus. 

V.  3.  Mctathalamu.s. 
V.  4.  Epithalamus. 
VI.  Telencci)halon. 
VI.  1.  Pars  optica  hypothalami.  VI.  2.  Corpus  striatum. 

VI.  3.  Rhincnccphalon, 
VI.  4.  Rillium. 


Ilis.     Leipz.,  1895.     This  nomenclature   has  been  closely  followed  in  the 
present  book,  except  that  I  have  substituted  the  words  ventral  and  dorsal 
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The  derivatives  of  the  three  cerebral  vesicles  are  outlined 
in  the  accompanying  table  on  page  103. 

Nor  shall  I  permit  myself  to  digress  and  describe  to  yon  ^w 
from  the  moment  of  fertilization,  throughout  the  gradual 


Fig.  90. — Mtxiel  of  developing  human  hmiu.  ( AtV-r  W.  His,  Areh.  f.  Anat.  u. 
Physiol.,  Anat.  Abth,,  1892.)  Br.,  pons  cur\'e  ;  t\  o.,  chiaama  opticum  ;  C.«l., 
corpu.s  striatum  ;  E.,  emcnontia  iutt^rpfduneularis  of  the  isthmus ;  F.  cA.,  fi»- 
sum  chorioidea ;  F.  i.,  fuMsa  interptniunculariH ;  7/6.,  tegmental  projection; 
i/rft.,  een'bellar  hemisphere ;  /.,  isthmus ;  L.  <.,  lamina  terminalis ;  Jkf.,  cor- 

fms  mammillare  ;  3/7^.,  roof  of  mid-brain  ;  P.  ».,  hypothalamus  ( pars  subtha- 
amiea) ;  v.  R.,  antc'rior  olfaet<»ry  lobe  ;  h.  R.,  posterior  olfactory  lobe;  R.  o., 
recessus  geniculi ;  R.  in.,  n'cessus  mammillaris;  R.  %.,  rtH*essus  iufundibufi ; 
R.  o.,  recA'ssus  opticus ;  S.  m.,  sulcus  Monroi ;  T  c,  tulH»r  cinen'um  ;  Tfe., thal- 
amus; Z.,  c<»rpus  pineale. 


for  anteriitr  and  posterior  respectively,  and  perhaps  in  a  few  other  par- 
ticulars. Why  the  Commission  on  Nomenclature,  usually  so  happy  in  its 
decisions,  neglected  to  use  the  terms  ventral  and  dorsal,  instead  of  anterior 
and  jiosterior,  with  regard  to  the  roots  of  the  spinal  nerves,  I  find  it  difficult 
to  understand.  The  nomenclature  elaborated  bv  Professor  Wilder,  of  Cor- 
nell  University,  is  used  by  a  large  number  of  American  anatomists,  and 
Mills  has  followed  it  consistently  in  his  recent  clinical  text-book.  The 
terms  of  Wilder  and  the  equivalent  terms  of  the  Basel  Commission  are  to 
be  found  in  the  article  of  Professor  B.  G.  Wilder,  entitled  "  Neural  Terms 
— International  and  National."  .1.  Com  p.  Neurol.,  Granville.  O..  vol.  vi 
(1896),  pp.  216-353.  In  order  to  save  space  they  have  not  l)een  introduced  in 
brackets  in  this  book,  but  the  reader  accustomed  to  this  nomenclature  may 
refer  to  Professor  Wilder's  tables. 
12 


Sulcut  n'nyWt  (part  rutifr 


Fio.  na.— Hrilian  Mirtiun  thmuKh  adolt  human 
bmin.  After  Hi«.  An-h.  f.  Anat.  ii,  Thywol.. 
Auat.  Abth..  IHB.  S.  ITS.  FJK-  3.  i     Lettering 
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of  the  development  of  the  embryo,  influences  of  diBereiit  kinds, 
such  as  variations  of  temperature,  of  the  oxygen  supply,  and  of 
other  conditions  of  environment,  or  trauma  leading  to  injury  of 
portions  of  the  egg  or  of  the  segmentation  cells,  can  give  rise  to 
those  unfortunate  caricatures  of  human  beings  which  we  com- 
monly designate  as  monstrosities,  and  for  the  origin  of  which 
experimental  teratology  has  during  the  past  few  years  been 
attempting  to  supply  us  suitable  explanations.* 

The  histogenetic  relations  of  the  neurones  and  of  their  sup- 
porting structures  must,  however,  be  dwelt  upon  briefly ;  and 
the  description  here  given  is  drawn  largely  from  the  writings  f 

♦  Cf.  Beiula,  C.  Teratologie.  Lubarsch-Ostertag.  Ergebnisse  der  all- 
gfiu.  pathol.  Morphol.  u.  Pliysiol.     Wiesbatleii  (1895),  S.  541. 

f  The  principal  publications  of  W.  Tlis  which  are  interesting^  in  this  cod- 
nection  are  (1)  Anatomie  nienschlicher  Kmbryonen.  Leipz.  (2)  Ucber  die 
AnfUnge  des  jH-'ripherischen  Nervensysteraes.  Arch.  f.  Anat.  u.  Physiol^ 
Anat,  Abth.,  Leipz.  (1879).  S.  455-482.  (3)  Zur  Geschichte  des  menschlichen 
Rnckcnniarkes  und  der  Xervenwurzeln.  Abh.  der  math.-phys.  C'l.  der  II 
silclis.  Ges.  der  Wiss.,  Bd.  xiii.  No.  6,  Leipz.  (1886),  S.  479-513.  (4)  Zur 
Oes<;hichte  dos  (lehirns  sowie  der  ccntralen  und  peripherischeu  Nerven- 
balinen  beim  menschlichen  Embryo.  Abhandl.  d.  math.-phys.  CI.  d.  k.  sSchs. 
(JefM'llscli.  d.  Wissensch.,  Bd.  xiv,  Leipz.  (1887-88),  S.  339-392.  (5)  Die  Xeu- 
roblasten  und  dercn  Entstehung  im  embryonalen  Mark.  Ibid,^  Bd.  xt. 
No.  4.  Leipz.  (IHHti),  S.  31:^^72.  (6)  Die  Formentwickeluog  des  mensch- 
lichen Vonlerhirns  vom  Endedes  ersten  bis  zum  Beginn  desdritten  Monmts. 
/Jirf.,  Ud.xv.  Leipz.  (1889),  S.  (J73-736.  (7)  Die  Entwickelung  des  mensch- 
lichen Hautenhirns  vom  Ende  iles  ersten  bis  zum  I^ginn  des  dritten  Mo- 
nats.  L  Verlangertes  Mark.  /7>*V/.,  Bd.  xvii,  Leipz.  (1891),  S.  1-74.  (8)  Zor 
allgomeinen  Morphologic  des  Gehirns.  Arch.  f.  Anat.  u.  Physiol.,  AnaL 
Abth.,  Leipz.  (1892),  S.  346-383.  (9)  Ueber  das  frontale  Ende  des  Gehirn- 
rohres.  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1893X  S.  157-171. 
(10)  Vorschlage  zur  Eintheilung  des  Gehirns.  Ibid.,  S.  172-179.  (11)  Ueber 
mechanische  GrundvorgSnge  tierischer  Forraenbildung.  Arch.  f.  Anat.  a. 
Physiol,  Anat.  Abth.,  Leipz.  (1894),  S.  1-80.  (12)  Uelicr  die  Vorstufen  der 
Gehirn  und  der  Kopfl>ildung  Ijei  Wirbelthieren.  Ibid,,  1894,  S.  313-836. 
For  the  reports  of  two  interesting  addresses  upon  some  of  the  general  results 
of  His's  work  the  reader  is  referred  to  (1)  Ilis,  W.,  Flistogenese  und  Ziisam* 
menhang  der  Nervenelemente.  Verhhandl.d.  x.  internat.  med.  Cong.  BerL, 
4-9.  Aug.,  1890.  \\i\.  ii,  S.  93.  Berl.,  1H91 ;  and  (2)  His.  W.,  Ueber  den  Auf- 
bau  unseres  Nervensystenis.  Berl.  klin.  Wchnschr.  (1893),  S.  957  und  096w 
An  excellent  critical  review  in  English  of  all  the  literature  upon  the  devel- 
opment of  the  human  nervous  system  in  its  early  stages  is  to  be  found  in 
('.  S.  Minofs  Human  Embryology,  pp.  593-742.  and  in  the  article  by  the 
same  author  entitled  Die  frCihen  Stadien  und  die  Histogenese  des  Nerren- 
systems,  in  Merkel- Bonnet's  Ergebnisse  der  Anatomie  und  EntwickelungB- 
geschichte.    B<1.  vi  (for  1896).   Wiesbaden  (1897),  S.  687.    The  subject  is  alao 


\  n  thniufih  mpiliillarT  plate  ■ 
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Mill  lectures  of  Hie.  At  an  early  period,  the  medullary  plate — 
wliich,  as  every  one  knows,  has  its  origin  in  the  external  leaflike 
layer  of  the  enibrjo,  the 
eetoblast,  the  sauit'  layer 
wliich  gives  rise  to  the 
skin  and  its  appendages 
— is  made  up  of  a  single 
layer  of  nucleated  epithe- 
lial cells  placed  side  by 
aide  (Fig.  9:t).  The  planes  ' 
corresponding  to  the  two 
eiid^  of  the  epithelial  cells 

represent  the  upper  and  lower  surfaces  of  the  medullary  plate, 
and,  after  the  formation  of  the  mediillary  or  neural  tube,  the 
inner  and  outer  surfaces  of  the  wall  of  the  tube,  the  inner  sur- 
face of  the  wall  of  the  tube  thus  ob\-ionsly  corresponding  in 
its  origin  to  the  outer  surface  of  the  embryo.  The  nuclei  of 
the  epithelial  cells  of  the  plate  do  not  all  lie  at  the  same  level, 
but  form  several  rows  correspotiding  to  differences  in  the  dis- 
tribution and  arrange- 
y/^  T^  -'*^~?~\'\  meni  of  the  protoplasm 

.*    .     ■    ,-~^ ,  .  J.  -     ,  -  j^  ^j^^  individual   cells 

(Fig.  94).     The  nuclei 
are  rarely,however,sit«- 
ated  at  the  ends  of  the 
cell,  BO  that  very  soon 
the  medullary  plate,  as 
seen  on  transverse  sec- 
tion, can  be  divided  in- 
to three  more   or  less 
distinct   zones — a  mid- 
hciiiii  die  zone  containing  the 
k-vii.   nuclei  and  two  border 
''  ''"■  zones  free  from  nuclei. 
These  last  two  are  made 
np  of  the  protoplasmic  ends  of  the  epithelial  cells  and  behave 
very  differently  in  their  further  differentiation.     In  the  proto- 
plasm of  both  ends  of  the  epithelial  cells  hyaline  areas  resem- 

elearly  present  pil  in  J.  Kollmann's  l^lirhuch  der  KnI  wick  p1  in  igsgrsc  hi  utile 
lips  Mensehen.  Ji^na,  IHW.  The  many  vidimhle  contributionK  tit  von  Kupt- 
tn,  of  Munich,  may  uiso  Ik  reroTTe<l  to. 


Fid.  94.— Six'tiiin  tliruiigh  nntral  tube  w 
hi>RiiiDing  til  i-hiHi-.  Thr  number  iif  i'i> 
nuclei  is  n>ni>iilcmh]j  inrn-HMil.  ami 
ilitTen-nt  ccllii  thoy  do  nnl  lie  tit  tin-  siin 
Twii  large  xemiinnl  tfUii  arc  risilili-  Irnr 
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bling  racuoles  soon  appear.  In  the  diatal  ends  of  the  celU 
(that  is,  the  cnd»  directed  toward  the  outside  of  the  body 
in  the  medullary  plate,  or  those  directed  later  toward  the  inaide 
of  the  medullary  tube)  the  cell  bodies  tend  to  collapse  so  as  to 
form  a  series  of  striated  pillars  with  spaces  between  the  iadi- 
vidual  cells.  The  free  ends  of  the 
celld  retain  their  original  breadth, 
and  with  those  of  neighboring  cells 
form  a  thin  limiting  membrane. 
The  proximal  ends  of  the  cells,  in- 
stead of  collapsing,  assume  a  ra^^ged, 
irregular  appearance,  the  proto- 
plasm becoming,  according  to  Ui^ 
manifoldly  perforated,  so  that  the 
framework  between  the  perfora- 
tions yiehla  a  reticulated  appear- 
ance (Fig.  95).  For  a  time  the 
boundaries  between  the  indiTidiul 
cells  at  the  proximal  ends  are 
easily  disceniible,*  but  very  soon, 
throngh  further  development  and 
extension,  the  cell  boundaries  dis- 
appear, and  wc  have  the  appear- 
ance of  8  spongy  network  or  of  a 
r  closely  felted  thicket,  the  nenro- 
'.  Bpongium  of  His.  Whether  we 
.rf  M.r  .■i.iii..-iiai  .viu.  (Ari.T  Ij^^p  t,o  ,j„  i„  the  threadwork  with 
an  actual  closed  network  seems  as 
yet  not  quite  certain.  Rami'in  y  Cajal,  from  the  study  of  silver 
pniparatioiis,  denies  this,  and  also  disputes  the  independence  of 
the  cell  territorieB  which  His  maintains  for  the  neurospongium. 
This  thicket,  which  in  the  closed  medullary  tube  forms  the 
periphery  of  its  wall,  becomes  more  and  more  complex  with 
furtiicr  development.  The  feltwork,  at  first  extremely  close, 
shows  later  wider  meshes,  the  whole  spongy  structure  forming 
»v  peri/ilirral  or  iiuirginnj  ret/ — the  /.'andnclileier  of  His.  As  we 
shall  sec  presently,  the  threads  of  this  veil  form  a  scafifolding  of 
fine  beams  which  Inter  appear  to  play  an  important  mechanical 
role  in  determining  the  course  and  direction  of  the  developing 


•Tlie  i-piMiflia!  oe 
is  u  Bpotigioblasta. 
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spoken  of  by 
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nerve  fibres.  Indeed,  the  marginal  veil  persists  throughout 
life  and  appears  to  correspond  in  the  adult  to  a  part  of  the 
ependymal  framework  of  the  white  matter  of  the  whole  of  the 
central  nervous  system.* 

Very  early  in  the  history  of  the  medullary  plate  there  are  to 
be  made  out  in  the  intercellular  spaces  of  the  border  zone,  which 
corresponds  to  the  distal  ends  of  the  epithelial  cells,  elements 
which  hrfve  an  entirely  different  appearance  from  those  just 
described.  These  elements  are  designated  by  His  as  germinal 
cells  (Keimzellen).  They  are,  as  a  rule,  at  first  spherical  in 
shape,  possess  characteristic  clear  protoplasmic  bodies,  and 
their  nuclei  in  well-fixed  preparations  are  usually  seen  in  the 
process  of  rapid  division  by  karyokinesis  (Fig.  96).  The  exact 
relations  of  these  cells  to  the  epithelial  cells  before  described 
and  to  the  other  cells  of  the  ectoblast  still  form  the  subject  of 
some  dispute.  The  idea  that  the  Keimzellen  are  fundamen- 
tally different  from  the  epithelial  cells  has  been  vigorously  oi>- 
posed  by  K6lliker,t  Schaper,!  and  Vignal.*  The  whole  mat- 
ter has  been  very  recently  subjected  to  a  critical  review  by 
Schaper.||     It   is  urged   that   the  Keimzellen  are   really  only 

*As  His  has  pointed  out,  the  transformation  of  epithelial  cells  into  a 
framework  penetrated  by  spaces  and  bounded  by  limiting  membranes  is  not 
peculiar  to  the  medullary  plate.  Very  similar  forms  are  to  be  met  with  in 
other  ectoblastic  derivatives — for  example,  the  retina,  the  ear,  the  olfactory 
plate,  and  the  portions  of  the  ectoblast  adjacent  t6  the  neural  groove  which 
correspond,  in  part  at  least,  to  the  building  places  of  the  cells  of  the  sensory 
ganglia. 

f  Op.  cit. 

JSchaper,  A.  Zur  feineren  Anatoinie  des  Kleinhims  der  Teleostier. 
Anat.  Anz.,  Jena,  Bd.  viii,  1893,  S.  705-720.— Die  morphologische  und  histo- 
logische  Kntwickelung  des  Kleinhims  der  Teleostier.  Ibid.,  Bd.  ix  (1893- 
'94),  S.  489-501 ;  also,  Morphol.  Jahrb.,  licipz.,  Bd.  xxi  (1894),  S.  625-708. 

•  Vignal,  W.  Recheruhes  sur  le  developj)ement  des  elements  des  couches 
corticales  du  cerveau  et  du  cervelet  chez  I'homme  et  les  mammiferes.  Arch, 
de  physiol.  norm,  et  path..  Par.  (1888),  4.  s..  t.  ii,  pp.  228-254  et  311-338.— 
Recherches  sur  le  developpement  des  elements  des  couches  corticales  du 
cerveau  et  du  cervelet  chez  Thomme  et  les  mammiferes.  ftcole  prat.  d. 
hautes  etudes.  Lab.  d'histol.  du  Coll.  de  France.  Trav.,  Par.,  1888,  t.  xii, 
pp.  54-82. — Recherches  sur  le  developpement  de  la  substance  corticale  du 
cerveau  et  du  cervelet.     Ibid.,  pp.  83-112. 

I  Schaper,  A.  Die  frflhesten  DifferenzirungsvorgJlnge  im  Centralnerven- 
system ;  kritische  Studie  und  Versuch  einer  Geschichte  der  Kntwickelung 
nervoser  Substanz.  Arch.  f.  Entwcklngsmechn.  d.  Organ.,  Leipz.,  Bd.  v 
(1897),  S.  81-132. 


168  THK   NBKVors  SYSTEM. 

youii}!  proliferating  forms  of  epithelial  cells  which  afford  mate- 
rial for  a  geiicration  of  indifferent  cells.  These  latter  may 
be  further  differentiated  either  into   nerve  cells  or  into  glia 


Fi'i.  9fl.— PliiitiiiuicniKiaph.  by  A.  O.  Hiipii  from  a  apn-inipn  of  R.  ft.  UarriaoD'a 
thnnijfh  tlu'  iiciinil  liilx'  Of  anililyHlunui.  Scvitml  ci-Uh  undi-rttoiog  divitdOB 
l>y  kHryolEJiifHiN  I'Uti  he  mi-ii  in  Ihe  inner  znnc.  A  large  numhtT  of  vpitheliml 
niiinci  an'  visilili-.  Tin-  outer  zoiic  uf  the  wnll  iif  the  tiibt,  which  in  bw  fWm 
iiui'li'i  &ikI  Huiui'whul  itiiliHiiiK-tly  Hlniwn.  ['[im'KixitiilH  to  the  reKtou  uf  the 

cells.  Schaper  has  observed  np  to  a  certain  period  of  develop- 
ment direct  transition  forms  of  Keinnellen  to  long  epithelial 
cells,  »nd  pictures  them.  The  number  of  spongioblaste  (in  the 
sense  of  His)  is  not  sufficient  to  account  for  the  origin  of  all 
the  glia  cells. 

The  spherical  shape  of  the  germinal  cells  is  soon  lost  in  the 
majority  of  instances,  since  at  the  extremity  of  the  cell  origi- 
nally directed  away  from  the  outside  of  the  body  a  short  blnnt 
projection  appears  which  later  becomes  extended  into  a 
longer,  more  delicate  process  (Fig.  !»7),  In  silver  preparations 
this  process  shows  a  conical  pronged  end  knob,  probably  corre- 
sponding to  the  division  of  the  fibre  later.  The  protoplasm, 
also,  instead  of  remaining  evenly  distributed  througbont  the 
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cell  body,  leiide  to  accumulate  at  the  point  of  origin  of  the  pro- 
cesM,  forming  a  feebly  strinted  protoplasmic  cone  on  o»e  side  of 
the  nucleus  from  which  the  process  appears  to  take  its  origin. 
Theae  pear-ahaped  cells,  tlie  derivatives  of  the  Keimzelleii,  are 
termed  by  His  ii-euroblanii'.  The  nucleus  of  the  cell  body  of  the 
neuroblast  corresponds  to  that  of  a  future  nerve  cell,  and  the 
single  process  represents  the  developing  axone.  Of  the  exist- 
ence of  dendrites  there  is  at  this  period  of  development  no  evi- 
dence, and  studies  in  histogenesis  have  shown  us  that  the 
dendrites  appear  ontogenetically  much  later  than  the  axone, 
the  latter  being  the  first  process  of  the  young  nerve  cell  to 
appear  and  for  a  long  time  existing  alone,  a  fact  that  is  of 
especial  interest,  as  Uis  suggests,  when  we  remember  that  in 


Fio.  B7.— Swtiim  of  spinal  cord  of  a  chick  at  the  thinl  day  ofiiiriiljalion.  (AftiT 
RainAii  ;  Usjal. )  gp,  cells  of  tipinal  gungliun  ;  d<t,  ciidH  uf  «'!!«  upon  whirl) 
IhiMlenilritcBilpveliqi  1»Ut.  At  tlie  ii|n>i«itc  polw  are  Bhijwn  the  pmlinnnir 
aione«.  at  the  citrcniititB  nf  attain  ur  whicfi  thcce  an'  hnllHiiiK  »w(;1Ud([k. 
The  BiiinpH  cif  thi'apinnl  jmnirHim  cellmliviili' on  i-nlram-i-  iiitu  llii' conl.     r. 

the  young  larvje  of  frogs  and  fish  before  the  feltwork  formed 
by  the  dendrites  of  the  nerve  cells  has  appeared  at  all,  there  are 
already  in  full  activity  physiological  mechanisms  of  no  incon- 
siderable significance  and  complexity. 


CHAPTER  XVI. 

THE    DEVELOPMENTAL   HISTORY   OF  THE   SPINAL   CORD    AXD 

MEDCLLA   OBLONGATA. 

Wandering  of  neuroblasts — Fate  of  the  axones  in  the  spinal  cord — Forma- 
tion of  ventral  roots  of  spinal  nerves  and  of  the  intrinsic  fibres  of  the 
white  funiculi  of  the  spinal  cord — Tautomeric,  heteromeric,  and  heca- 
teromeric  neurones — Fasciculus  cerebellospinalis — Wanderin^^  of  neuro- 
blasts in  the  medulla  oblongata — Developmental  history  of  the  motor 
nuclei  in  the  medulla,  the  formatio  reticularis,  the  olivarj  bodies,  and 
the  pyramids—Relations  of  the  white  and  gray  matter  in  the  cerebrum. 

The  neuroblasts  possess  a  certain  degree  of  motility  and  are 
capable  of  altering  their  position.  Following  the  radiating 
paths  which  correspond  to  the  spaces  between  the  epithelial 
cells  of  the  medullary  plate,  they  tend  soon  to  leave  the  border 
zone  at  the  inside  of  the  nerve  tube  where  they  first  appear, 
and  to  wander  out  toward  the  marginal  veil,  there  to  form  often 
a  sort  of  mantle  layer  (Fig.  98).  In  the  marginal  veil  they  ap- 
pear to  encounter  an  obstacle  which  prevents  their  further 
progress,  although  they  may  succeed  in  penetrating  for  a  short 
distance  into  its  meshes.  The  ganglion  cells  occasionally  met 
with  far  out  in  the  white  matter  of  the  adult  spinal  cord  are  to 
be  looked  upon  as  cells  which  have  been  able,  through  their 
active  mobility  in  the  neuroblastic  stage,  to  attain  a  position 
more  peripheral  than  that  reached  by  their  fellows.* 

The  various  wanderings  of  the  different  groups  of  nerve 
cells  in  the  human  cord  have  been  carefully  followed,  f     In  the 


♦  Ills  has  noticed  in  selachian  embryos  occasionally  cells  which  have  even 
been  able  to  reach  the  external  border  of  the  marginal  veil,  although  they 
appeared  afterwanl  to  become  again  surrounded  by  its  meshes.  Dohm  be- 
lieves that  in  the  region  of  the  nervus  oculomotorius  there  may  be  a  perma- 
nent exit  for  motor  cells.  lie  brings  these  cells  into  connection  with  the 
oculoraotorius  ganglion  of  Schwalbe. 

f  Ills,  W.    Zur  Goschichte  des  nieiischlichen  Rlickenmarkes  und  der  Ner- 
venwurzeln.     Abhandl.  d.  math.-phys.  CI.  d.   k.  sflchs.  Gesellsch.  d.  Wis- 
sensch.,  Leipz..  Bd.  xiii  (188C),  S.  47JM)13. 
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fornmtion  of  the  mantle  layer  of  neuroblasts  the  cells  in  the 
dorsal  half  tend  to  wander  toward  the  ventral  half  and  their 
procesaea  are  nearly  all  directed  ven- 
trally,  the  neuroblaata  undergoing,  as 
it  were,  a  partial  turning  so  as  to  be- 
come parallel  to  the  surface  of  the 
marginal  veil.  Of  the  cella  of  the  ven- 
tral half,  a  portion  lying  grouped  to- 
gether inside  the  marginal  veil  pos- 
sess processes  which,  unlike  those  of 
the  other  neuroblasts,  penetrate  direct- 
ly through  the  marginal  veil  to  ap- 
pear outside  the  embryonic  cord,  form- 
ing the  ventral  roots  of  the  spinal 
nerves.  The  cell  bodies  of  these  neu- 
roblasts represent  the  motor  cells  of 
the  ventral  horns  of  the  gray  matter, 
and  their  processes  the  axones  of  the 
motor  spinal  nerves  {Fig.  99).  The 
processes  of  the  other  neuroblasts  do 
not  go  through  the  marginal  veil,  but 
remain  within  the  spinal  cord.  The 
majority  of  them  can  advance,  how- 
ever, for  a  certain  distance  into  the 
meshes  of  the  neurospongium,  but 
sooner  or  later  meet  in  it  with  opposition,  according  to  His, 
wliich  leads  to  the  directing  of  the  processes  upward  and  down- 
ward (Fig,  100).  Hence  arise  the  axones  of  the  intrinsic  fibres 
of  the  white  funiculi  of  the  spinal  cord.  Those  of  the  neuro- 
blasts which  send  their  processes  to  help  in  the  formation  of 
the  white  matter  of  the  same  aide  of  the  cord  correspond  in  the 
adult  to  the  tnitlomerie  *  neurones ;  those  which  send  their 
processes  through  one  of  the  commissures  to  the  white  matter 
of  the  other  side,  to  the  heteromeric  \  neurones  (Fig.  101) ;  and 
those  of  them  whose  processes  divide  into  two,  one  going  to 
each  side  of  the  cord,  to  the  Aecaleromfric  I  neurones.  The 
majority  of  the  intrinsic  fibres  of  the  cord  send  their  processes 


Fio.  9*.— Sertion  throush  luilf 
of  neural  tiihe  showiiiR  the 
|H«r  -  ghapiKl  neurohlastx 
which  arc  wandering  out 
lo  rnnn  ■  sort  of  mantle 
upon  the  inner  surfore  of 
the  marginal  veil.  The 
aionnt  of  Kome  of  the  neii- 
niblBHb'  have  jn-netralnl 
thruagh  the  veil  to  form 
the  ventml  root  cif  a  spinal 
nervv.     (After  Hi*) 


•  A  verj  sulisfactury  nomenclature  suggested  by  van  Gchuchtan 
word  tautomeric  is  lukco  from  the  Greek  ri  diri  itipoi,  the  same  side. 
t  From  Iripor  /tiim,  the  other  side. 
i  Prom  iaiT4pm  iJp«t,  each  side. 


The 
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into  tlie  ventral  and  lateral  fuiiii'uli  of  the  white  matter.  Of 
the  latter,  a  large  bundle  known  as  the  faeciculus  cerebelloepi- 
nalia  {direct  cerebellar  tract)  receiveB  ita  axones  from  the  group 
of  telle  situated  in  the  nucleus  dorsalis  (Clarke,  Stilling).* 
Comparatively  tew  of  the  neuroblasts  send  their  processes  into 
tile  region  of  the  dorsal  funiculi,  these,  as  well  as  the  region  of 
the  pyramidal  tracts,  being  occupied  in  the  adult  almost  en- 
tirely by  nerve  fibres  which  may,  in  a  certain  sense,  be  looked 
upon  as  extrinsiir  to  the  spinal  cord,  since  their  axones  in  their 
origin  are  entirely  independent  of  nerve  cells  lying  in  it.f 

A  very  marked  example  of  the  wandering  capacity  of  neuro- 
blasts, and  one  to  which  IliB  has  frequently  taken  occasion  to  re- 


fer, is  met  with  in  the  development  of  the  medulla  oblongata. 
In  itH  early  BtagOH  (Fig.  1 03)  the  region  of  the  medulla  is  more  or 
lesH  pentagonal  in  shape,  the  fifth  aide  being  formed  by  the  thin. 


I  of  the  axones  of  the  cells  of 
the  nuelcLiH  lUirsalis  with  the  fasciculu.-i  cert  bell  us  [linalis  has  not  been  ob- 
served, alllumgh  the  evidenei'  from  seL-oiidary  degeniTalioii  slid  from  Golgi 
Hpocimeiis  ^ives  sufficient  warrant  for  the  r^tatement  in  the  text. 

t  The  axonep  ot  the  fibres  ot  the  pyramidal  tracts  (fasciculi  cerebro- 
apinalcs)  have  their  ccIIk  of  orii^in  in  thi'  convolutions  of  the  so-called  motor 
area  ot  (he  cerebral  cortex,  while  the  axones  of  the  majority  of  the  fibres  ot 
the  dorsal  fiinicult  of  Ihe  eord  represent  direct  continuations  of  the  central 
axonuG  of  the  cells  of  the  ganglia  on  the  dorsal  roots  of  the  spinal  nerves. 
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uon-iiervous  roof.    The  lateral  and  the  ventral  walls  of  ea<;h  half 
of  the  tube  coiiforiii  in  structure,  as  regards  neuroblasts  and 


Fio.  100.— Tmiimim  upction  througb  Uie  nppeTtbi>iB(.>rHplitBl  cord  orthi>  human 
trahryi)  ( Afh  r  W  Hix  Ahhaiiill  d  inath  iihvu.  (1  d  k  iwhR  tksDiliiRh. 
d.  Wwaiuirh  Liipz  Bil  ilii  l8Hd  \<i  H  iig  Z  ]  a  M  menial  mantk 
Uyor;  .4  up  a  itrti  ria  HpiualiH  iititntliH  A  "p  p  arttriH  KpiiiaJiH  dnraaliH; 
Bfi..  BodLii|iUitt<  (/  lyliiirtpr  fnrniw  lip  l)i*kplattc  Fa  forniatio 
Brriiatn  1  V  iiitirnHl  niantlt  laypr  J  p  inlfrnal  pliitp  M  I  m,,  meni- 
brana  liiiiltHiiK  iupiiiiirpu  n  n  mntiir  vintnil  R)ot  o  B  nval  bundle  uf 
duiHairuiiK-uluiCNof  FlirhsiRHovalbuiidU)  R  f  marginal  riirn>w  :  jr.  If., 
wiLwry  ilonml  nH.t     \ft    mniii  Uittralt 

Spongioblasts,  closely  to  that  which  I  have  descnbed  its  char- 
acteristic of  the  spinal  conl  m  its  early  stages  In  the  ventral 
plate,  in  a  series  of  sections,  can  be  made  out  quite  early  the 
groups  of  neuroblasts  corresponding  to  the  motor  nuclei  of  the 
medulla  (Xucl.  X.  hypoglossi,  Nucl.  N.  accessorii,  Nucl.  N.  ' 
vagi,  and  Xucl.  \.  glosso-pharyngei),  and  at  this  period  these 
nuclei,  as  well  as  the  bundle  of  fibres  known  as  the  tractus  soli- 


THE  NERVOUS  SYSTEM. 


tariue   (formed  by  sensory  fibres  from  the  X.  vague   and    X. 
gloSBO-pharyngeuB,  and  eo  analogous  to  the  dorsal  funiculi  in 


r  feinfn^  Bau 


Flii,  nil.  -('iiiiiniipMtirat  ifll  nr  hctcrunu'rir 

I'rwtiuniH  cinlicyii  30  mm.  Iorr.     i  After  M.  von  l^-nhnn      ..  . 

dm  Ncni'iixrHldiiH.  ot<^.  Berlin.  II  Aiifl..  IRKt,  K.  SS2.  Pi^.  401.      Tlif  HSnnr 

IHwiw  IliniUKh  the  ventral  rommimure  into  the  Hulwtantia  Krimw  nf  the  iqv 


the  Spinal  cord),  are  situated  dose  to  the  outer  surface  of  the 
medullary  tube.     As  is  well  known,  in  the  adult  the  motor  nn- 
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clei  in  the  medulla  and  the  tractus  solitariua  are  far  removed 
from  the  ventral  surface ;  indeed,  they  are  Rituated  close  be- 
neath the  floor  of  the  fourth  ventricle  (central  canal),  being 
separated  from  the  surface  by  nearly  the  whole  thickness  of  the 
ventral  wall  of  the  medulla,  including  the  pyramids,  the  olivary 
bodies,  and  the  formatio  reticularis.  The  explanation  of  this 
is  easy  when  the  histogenetic  relations  are  followed.  Let  ns 
examine  and  see  what  has  happened  to  bring  about  this  remark- 
able morphological  metamorphosis. 

The  mednllary  tube  at  the  stage  represented  in  the  forego- 
ing figure  on  further  development  shows  in  the  human  embryo 
a  liplike  lateral  projection  resulting  from  the  bending  over  of 
the  upper  border  of  the  thick  lateral  wall  on  each  side  (Fig.  103). 


Pia.  103. — Tisnsvenf  NPCtioD  through  thf  medalU  of  tht  hnnun  pmbiyo.  (After 
Hifi.)  XII.  iiiTTUB  hym^lowiis ;  X.  nerviiB  vaKiw;  T.  «.,  the  tiactua  aoli- 
tkriUH  ;  Rl.,  rliombiiiilal  lip. 

This  lip,  which  reaches  on  each  side  from  the  lower  end  of  the 
medulla  as  far  forward  as  the  junction  of  the  metencephalon 
with  the  mesencephalon — that  is,  as  far  as  the  isthmus — is  of 
decisive  significance  for  the  farther  shaping  of  the  medulla,* 
and  for  the  development  of  the  cerebellum.  The  lip  in  the  re- 
gion we  are  considering  bends  well  over  and  becomes  adherent 
to  the  lateral  wall,  after  which  there  is  a  visible  egress  of  armies 

•  Franktin  Dexter,  of  Harvard,  has  recently  shown  that  in  the  rabbit  the 
rhombotila)  Up  dues  not  eiist,  the  morphological  changes  apparently  de- 
pending in  thi?  animal  entirely  upon  the  wandering  capacities  of  the  neuro- 
blasts.   Arch.  f.  Anat.  u.  Pbjs ,  Anat.  Abth.  <].ieipz.).  1896.  S.  423-437. 


ro.  IM,— Sertion  thmoRh  a  wirtiim  of  tin-  w« 
the  iiiiiliina  ..r  u  human  I'mhryii.  {Aflt'T  1 
Nenriihlaslmire  uliown  wnndtriTig  fmiii  the  rl 
buiilHl  1)|>  toH-anl  the  middle  lini-.  The  niii 
i>f  the  hyiMigliisHil  iiprvc  is  lii-iiiK  hiirii-rt  ii 
di'plL. 
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of  lumroblasts  (Fig.  104)  from  the  lip  into  the  lateral  and  ventrul 
plates  of  the  medulla,  which  lie  niediully  to  it.  As  they  wander 
in,  they  pass  centrally  na  regards  the  tractus  solitarius  and 
motor  nuclei  and  veil- 
trally  to  the  formatiu 
reticularis,  the  latter 
III  the  meantime  hav- 
ing been  formed  hy 
cells  in  the  neighbor- 
hood of  the  motor  nu- 
clei and  solitary  tract. 
Many  of  them  pass 
medially  almost  as  far 
^  as  the  raphe  in  the 
I  middle  line.  The  mo- 
I  tor  nuclei  and  tractua 
'  solitarius,  while  rv- 
taining  the  same  re- 
lations to  the  central  <;anal,  now  occupy  in  tranBverse  section 
an  entirely  different  position  hb  regards  the  ventral  surface  of 
the  medullary  tuhe.  Instead  of  lying  superficially  they  are 
buried  in  the  depth  by  the  i  rowds  of  neuroblasts  which  have 
wandered  in  from  the  lateral  regions  These  neuroblasts  ar- 
range themseheH  so  as 
to  form  the  inf*  nor  ol 
ivary  nucleus  an<l  the 
medial  and  lateral  ac 
cessory  olivary  nuclei 
(Fig.  105)  and  Uat  of 
all  the  burying  is  made 
still  deepi  r  bv  the  ap- 
pearance of  the  pyra- 
mids, grciit  bundles  of 
fibres,  the  last  to  be  j 
medullated  in  the  me- 
didlii,  which  represent 
the  processes  of  iieuriv 
blasts  situated  high  up 
in  the  pallium  of  the  fnre-brain  (telencephalon),  which  have 
grown  <lown  through  the  inter-brain  (diencephalon),  and  mid- 
brain  (mesencephalon),  to  the   medulla   to  end  at  different 


iilimry  bodlea  have  been 
niideiw  cif  the  hyp«la  • 
inittiiA  wililarins  tu«  Sir  .. 
i-entral  rmribn-.     (After  His 
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levels  ill  the  spinul  cord.  Thus  the  lamellation  of  the  medulla 
in  late  embryonic  stages  and  in  the  new-born  (Fig.  106)  must  be 
looked  upon,  us  His  says,  as  the  result  of  an  epochal  develop- 
ment of  which  the  different  stages  are  represented  by  the  sue- 


ctiun  through  0 


c  half  of  thF  medulla  nhlontnta  n(  » 

( Atler  Ki.UikiT. )    /',  pyniniid  n.it  ypt 
-•■■ ^-•■--.    ,ir,  m™   larrelH'll..- 


F(0.  lua— TraiiHvi 
hURuiii  cmhryi 
ini-<lulUiti'il : 

oliran-s;  PC.  I      .  ,  -  .  „.  -     .    „ 

.v.  nucIi'UH  iif  tfrniiiiutioii  iif  iviuoirT  ixirtloti  iiT  X.  vbkiix  :  Fr.  tiwtiw  w>li- 
turius;  I',  trairtUH  npinalU  N.  trifKniini ;  XII,  S.  hynofiliiiwiiH.  ItM  iiiidcuH 
uf  iirlKin  in  sn-ii  iii-nr  the  fliKir  uf  the  friurth  vcntriclit.  fitr  n'nii>vc<l  tmm  th« 
vciitnil  wlrface;  *M.,  raariculuM  Icmiiituclinalis  iiKilialiH ;  «'.  strulnni  iiitiir- 
olivnn'  Irmiii^-i. 

ceBBive  addition  of  ( I )  the  motor  nuclei ;  (2)  the  formatio  retic- 
ularis ;  (3)  the  olivary  masses;  (-1)  the  pyramids.  As  they  lie, 
so  they  have  developed.  Their  position  is,  as  it  were,  the  key 
to  their  developmental  history. 


178 


THE   NERVOUS  SYSTKM. 


Similar  liistorical  developmenta  occur  throughout  the  cen- 
tral nervoua  system,  especially  in  the  brain,  where  tbe  Btriic- 
turea  present  in  the  adult  have  arisen  not  simultaneously,  hut 
successively.  So  far,  the  different  stuges 
have  not  been  worked  out  so  well  for  any 
other  part  as  for  the  medulla.  Juet  hen- 
may  be  mentioned,  however,  a  point  with 
regard  to  which  a  good  deal  of  int«reet 
baa  always  been  evinced.  How  is  it  that 
in  the  cerebrum  the  gray  matter  of  the 
cortex  is  outside  the  white  matter,  wherean 
in  the  spinal  cord  the  main  masses  of  the 
white  matter  are  outside  the  gray  sab- 
stance  ?  Again,  what  are  the  genetic  rela- 
tions which  exist  between  the  gray  matter 
of  the  cerebral  cortex  and  that  of  the  basal 
ganglia?  To  tliese  questions  histogenetir 
studies  alone  can  afford  the  answer.  Those 
who  are  interested  are  referred  to  the  ex- 
planation offered  by  Mali  as  the  result  of 
his  studies  of  the  brain  of  Necturua.*  He 
believes  that  "  in  the  gradual  chang;e  of 
gray  matter  from  the  ventricle  of  the  brain 
in  lower  animals  to  the  cortex  of  the  high- 
.- J, 'ttrajr  lua't-    pr,  the  cell  undergoes  a   half  revolutitai, 

ti-T<>it«niliiiii'niiuthi'  ,    ,,  .,  ,  ,    ,  .    .       „  -     .      1     . 

vcDtiJvk  tu  form  u    and  the  side  winch  originally  pointed  to- 

The'^.«?iI^P<.JiitIli»i    **'■'*  ^^'^  ventricle  now  points  toward  the 

till-  din'iiioii  of  tint    surface  of  the  brain."     The  relations  of 

the  gray  matter  to  the  white  matter  in  a 

longitudinal  section  of  the  brain  of  Neeturus  are  shown  in  the 

accompanying  diagram  (Fig.  107), 

*  Mall.  F.  P.     UistogfiiusiB  of  tli«>  Retiiiu  in  .\inblysti>mB  and   Neoturua. 
J.  Morphol..  Host.,  vol.  viii  (1H93),  |.(.,  4ir>-432. 


Flo.  107.— LimgitudiiiHl 
Hotrjon  of  the  cen'l.ni' 
hKUiiNplirriti  cif  Ni* 
luni*.  (AftiT  Mall. 
■  ■   ;  H'.while 


CHAPTER  XVII. 

TTFE    DEVELOPMENT    OF    THE    PERIPHERAL    SENSORY    NEURONES 
AND   OF  THE    SYMPATHETIC   NEURONES. 

Origin  of  sensory  ganglia,  peripheral  sensory  nerve  fibres,  dorsal  roots  of 
spinal  nerves,  and  dorsal  white  funiculi  of  the  spinal  cord — The  devel- 
opment of  the  organs  of  special  sense — The  ear — The  eye — The  nose — 
Wanderings  of  neuroblasts  in  the  formation  of  the  sympathetic  nervous 
system. 

Whereas  the  origin  of  the  motor  fibres  of  the  peripheral 
nerves  and  the  intrinsic  intramedullary  fibres  is  to  be  sought  in 
the  neuroblasts  of  the  medullary  tube,  these  do  not  give  rise  to 
the  general  peripheral  sensory  nerve  fibres  and  the  nerve  fibres 
of  the  organs  of  special  sense,  nor  to  the  fibres  and  cells  of  the 
sympathetic  nervous  system.  How,  then,  is  the  origin  of  these 
to  be  explained  ?  Concerning  this  there  has  been  some  dispute, 
but  the  skein  is  being  gradually  disentangled.  From  a  given  pe- 
riod of  development  on,  one  can  make  out  near  the  medullary 
tube  on  each  side  groups  of  cells  which  represent  the  beginnings 
of  the  sensory  ganglia  of  the  dorsal  roots  of  the  spinal  nerves,  so 
that  the  cell  bodies  of  all  the  sensory  neurones  of  the  first  order 
are  situated*  outside  the  neural  tube — ^that  is,  outside  the  spinal 
cord  and  brain  (Fig.  108).*  The  studies  of  His,  Marshall,  Bal- 
four, Beard,  von  Lenhossek,  and  others  have  taught  us  whence 
these  cells  are  derived.  All  are  agreed  that  they  come  from 
the  ectoblast  at  the  junction  of  the  edges  of  the  medullary 
plate  with  the  adjoining  ectoblast  (Fig.  109),  although  there  are 
a  number  of  researches  which  make  it  probable  that  a  certain 
number  of  the  cells  do  not  wander  off  until  the  medullary  tube 

*  That  in  development  the  system  of  the  sensory  ganglia  can  grow  en- 
tirely independently  of  the  presence  of  the  medullary  tube,  or,  perhaps  more 
safely  expressed,  that  the  sensory  ganglia  may  be  present  in  the  absence  of 
a  spinal  cord,  is  well  shown  by  the  case  described  by  von  Leonova,  O.  Ein 
Pall  von  Anencephalie  combinirt  mit  totaler  Amyelie.  Neurol.  Centralbl., 
Leipz.,  Bd.  xii  (1893),  S.  218 ;  263. 
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has  been  pinched  off  from  the  ectoderm.  In  the  front  part  of 
the  head,  correapoiiding  to  the  sensory  region  of  the  trigemiDtu 
and  especially  to  the  acoustic-facialis  area,  there  exist  in  the 


n,  1IM.— ltiH:<>nalTii<rti<>n  of  human  vmhryu  nt  iiiiil  of  fourth  ni<ek.  ahoiviiifi  <te- 
vpliilimi'iit  <>r  si'iiMiry  KUUKlia.  (Afti-r  Mall. )  I',  (laiH'ri&a  ganglion  ;  X, 
iiiKUfl  gunfilion  ;  I,  lint  ifrviinl  tcaniilioii ;  A.  Itist  r(-n'i<«l  totDglion  ;  12.  iMt 
lliiirHi'ii'  (niiiKtiuu.     The  iibn-iiic  iiiTVe  is  hfi-ii  HrislUK  Oam  th«  foartfa  c«rvi- 


eetoderm,  ut  points  corresponding  to  this  junction,  definite 
ridges  which  are  crowded  with  dividing  cells  very  like  those 
that  Hia  takes  to  be  the  forerunners  of  the  neuroblaata  in  the 
medullary  tube. 

In  the  region  of  the  ear  fossa  tliese  cells  can  often  be  seen 
heaped  up  as  a  compact  column  slioved  in  between  the  ecto- 
blast  and  the  medullary  tube.  In  the  trunk,  however,  no 
mnrkeii  aggregations  of  germinal  cells  are  visible  at  an  early 
stage,  and,  according  to  His,  the  ganglia  of  the  spinal  nerves  in 
huinuii  beings  are  formed  of  neuroblasts  which  collect  in  groups 
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after  wandering  out  from  the  portions  of  the  ectoblaat  adjacent 
to  the  medullary  tube.  According  to  others,  the  epinal  ganglia 
are  made  up  of  neuroblasts  which  wander  out  from  the  dorsal 
edge  of  the  medullary  tube.  Dr.  Mall  tells  me  that  in  Necturne 
he  has  observed  a  number  of  the  ganglia  of  the  tail  having 
their  origin  in  a  pinching  off  of  ganglionic  masses  from  the 
ganglia  lying  farther  headward. 

The  young  cells  giving  rise  to  the  nerve  elements  of  the 
spinal  ganglia  divide  by  karyokinesis  even  for  some  time  after 
they  have  arrived  among  the  ganglionic  groups.  The  farther 
development  of  tlie  individual  cells,  thanks  to  the  researches  of 
His,  is  now  very  well  known.  The  cells  assume  a  bipolar  shape, 
one  process  growing  from  each  pole.  The  process  correspond- 
ing to  the  dendrite  (that  is,  the  one  arising  on  the  pole  of  the 
neuroblast,  which  originally  was  turned  toward  the  external 
surface  of  the  embryo)  grows  toward  a  peripheral  sensory  sur- 
face, the  process  corresponding  to  the  axone  growing  central- 
ward  until  it  reaches  the  outer  surface  of  the  medullary  tube, 
into  the  wall  of  which  it  penetrates.  Bundles  of  these,  assum- 
ing in  the  spinal  cord  a  longitudinal  direction,  go  to  make  up 


.   Oanglionlc  ridf. 


the  primary  dorsal  funiculi,  in  the  medulla,  the  analogous  trac- 
tus  solitarius,  the  radix  descendens  nervi  vestibuli,  and  the 
tractus  spinalis  nervi  trigemini.  The  relations  of  the  dorsal 
roots  to  the  spinal  cord  are  well  shown,  as  are  those  of  some  of 
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the  cellB  of  the  ventral  horns,  in  the  accompanying  figure, 
copied  from  van  Gehuchten,  which  represents  the  development 
in  the  chick  (Fig.  110).    An  earlier  stage  U  well  illastrated  in 


Fid,  no.— Traiwvcrae  M-rtiini  iif  Ihi-  cmhryiinic  cord  of  the  chick.  (Afl^r  van 
<Ti-hucht('ii. }  r.  raff.  aal„  (i'IIh  which  nive  riw  t<i  siontii  of  vpnttal  n»tH  ;  c. 
rati.  jmik/..  ci-IU  whji'h  jcivc  rlw  (o  the  few  cj-iitrifuKHl  Biiinc*  of  diumt  niutii ; 
Pvf..  rollatrrni  (sidii  Hhril)  im»utik  fnini  uxoiic  of  cell  uf  the  ventral  horn  lack 
intu  Ihn  vniy  nutttiT :  ng.  ccIIb  uf  s|)jnal  ipinitlia  :  rttc.  po*!..  darxal  nmt  flhr«a ; 
rat.  inf..  vituttui  ruut  fibivs. 


i 


iiiH(U<in»i>milr.irthi-pii(.  ( A  (Icr  (\iiti. ) 
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Kig.  97  {vidf  nupra).  The  two  proceasea  of  the  spiual  gangliun 
ct'll,  ceutral  and  peripheral,  go  off  from  one  edge  of  the  cell, 
being  at  first  in  a  direct  line  with  one  another,  the  nucleus 
^nd  the  main  mass  of  the  cell  body,  as  Iliu  deacribes  them, 
lying  eccentric  to  the  fibre.  This  bipolar  condition  is  in  some 
animals  maintained  throughout  life.  In  the  fish,  for  example, 
even  in  adults,  nearly  all  the  spinal  ganglion  cells  are  bipolar 
(Fig.  Ill),  and  it  is  of  no  little  interest  to  find  that  in  human 
beings,  and  in  mammals  generally,  in  the  ganglion  on  the  coch- 
lear nerve  (ganglion  apiraie,  cf.  Fig.  112)  and  in  the  ganglion 


ic  ri'iinwiitHtJon  of  thi-graduultniiiHitiiiii  urthe  liipoUr  cellB  of 
thi'  Mplnul  icnoKlla  In  the  Mi-mlkil  uiiipiilur  tyix;.     (AfhT  His.) 
Km.  111.— TmiiHrunu&tioniif  hip(iliiri.i'llHint<>iiiiiiHilaru'llB  in  thi-f.Jiuwrian  )(»ii- 
sUcin  <>r  the  pit;.     ( .\ftrr  van  Ci«liuchh>ii. ) 

on  the  vestibular  nerve  (ganglion  vestibuli)  this  primitive  bi- 
polar condition  of  the  cells  is  also  maintained  throughout  the 
whole  of  life.  But  in  all  the  other  sensory  ganglia  of  man 
there  is  a  gradual  transformation  from  the  bipolar  to  the  uni- 
polar condition,  typical  of  the  adult  spinal  ganglia,  recognized 
and  described  by  Ranvier  more  than  twenty  years  ago.     Occa- 
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aionally,  single  bipol«r  cells  pereist  even  ii 
of  the  adalt,  ae  recent  research  has  shown. 


the  spinal  ^ngliit 
In  the  accompany- 


.|)itial  RHiiKliiiii  H'lU  uf  the  iiit  formeil  hy  dJviRiunH  of 

■■     I  ij-lls  of  llic  wraind  lypt.''     (After  Vugji'lJ 

iimccllulur  pliri" 


ing  diagram  (Fig.  114)  the  early  steps  in  the  formation  of  the 
T-fibre  of  Ranvicr  are  wdt  illustrated.  It  is  obvious  that  the 
change  consists  rather  in  the  formation  of  a  protoplasmic  pedicle 
than  in  a  gradual  approximation  and  fusion  of  the  central  and 
peripheral  fibrea,  as  was  formerly  taught.  The  cells  in  the 
developing  spinal  ganglion  of  a  guinea-pig  stained  by  van 
Gehnchten  by  (jolgi's  method  show  very  clearly  the  mode  of 
transforniatiun  (Fig.  114).  The  sheath  of  the  spinal  ganglion 
celli^  appears  to  be  mesoblastic  in  its  origin,  although  some 
assert  that  it  also  has  its  origin  from  the  ectobUst. 

A  few  multipolar  cells  occur  also  in  the  spinal  ganglia. 
These  cella,  previously  seen  in  the  embryo  by  Disse,  von  I^en- 
hossck,  Ramon  y  t'ajal,  and  Spirlas,  and  thought  to  be  rare  and 
of  little  significance,  are  said  by  Dogiel  to  occur  also  in  the 
adult. 

Dogiel  has  recently  given  an  account  *  of  a  special  hitherto 

•  DuKicl.  A.  S.  Dpr  Bun  der  Spinalpanclieii  bti  ileii  SBugethieren.  Vor- 
IXuf.  Mittheil.     Anat.  Anz..  Jena.  Bd.  lii  (1»96},  S.  140-1G2. 
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undoarribed  variety  of  cell  in  the  epinal  ganglia,  which  lie 
names  "  spinal  ganglion  cell  of  the  second  type."  The  main 
axone  of  the  cell  breaks  up  inside  the  ganglion  into  a  large 
number  of  meduUated  fibres,  which  finally  lose  their  medullary 
sheath  and  terminate  within  the  ganglion  in  a  fine  pericellular 
arborization  about  the  spinal  ganglion  cells  of  the  ordinary 
well-known  type.  The  axnnes  of  the  cells  of  his  second  type, 
according  to  Dogiel,  form  not  only  an  extracapsular  feltwork, 
but  also  a  line  intracapsular  feltwork  about  the  spinal  ganglion 


Fiu.  lis. — Srhenio  i>r  thv  reciprocal  relnUuiiH  of  thv  rlptni'Dtit  within  the  Hpinal 
gaasUiiu,  uccunlinf;  tu  Dogiul.  A  aiiU  It,  vi^ntral  anil  durml  ruotn;  (',  spiiiul 
IHITVI! ;  D  «id  E,  vcntnl  and  dunul  divlHioiu  of  Kpliial  iicrvi' :  F,  taniiu  tuin- 
iDUnkami  (■O'miHthelJc  ivinm-ctiini) ;  a.  A.  Kpinal  Kanflion  <^IU  "f  <lu'  Hnil 
and  iieimid  Ijipi.- ;  A,  trunk  pniuicvfi  iif  ci'IIh  of  the.  Hist  type  wliirh  ilividi-  t<i 
fomi  UiRuxiHU-Hof  thcpi'dphcral  and  central  tll>r«i;  b.  bioiics  ofcflls  of  the 
HWiind  typi^  which  unil  an  a  pcrin-lliilHr  fpltwiirk  ulwiit  the  coIIk  of  Ihi'  Rmt 

av  ;  a,  Hynipnthetie  Ahnw  whi<rh  fod  hh  a  circiinic^llulnr  pIciUH  nhiiut  the 
is  of  the  wcnnd  type. 

cells  (Fig.  115).  The  spinal  ganglion  cells  of  Type  11  are,  he 
thinks,  in  turn  surrounded  by  nerve  endings  from  the  sym- 
pathetic, a  finding  which,  if  confirmed  and  taken  in  connection 
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with  the  obeervatiuna  of  Ehrliih,  and  especially  with  tho^'  ol 
Ramuii  y  Cajal,  is  of  extreme  signitieaiico  in  dealing  with  the 
functions  of  the  spinal  ganglia  and  the  relations  of  the  spinal 
and  sympathetic  systems  to  oiie  another.  I  have  reproduced 
in  Fig.  116  Dogiel's  schematic  representation  of  his  conception 
of  these  relations  inside  the  spinal  ganglia. 

It  would  take  too  long  to  describe  in  detail  the  mode  of 
development  of  the  organs  of  special  sense.  It  ia  interesting  to 
find  that  the  development  in  them  conforms  very  closely  to 
that  met  with  in  the  sensory  nerves  in  general.  All  the  periph- 
eral neurones  in  the  organs  of  special  sense,  as  in  the  spinal 


Fl'i.  117.  -  1.1-fl  auditory 
Mli.  Fin.  33.1. 1 

ganglia,  arise  from  cells  of  the  eitoblust  and  pass  through  the 
ncuroblastic  stage,  the  axis-cylinder  processes  of  the  neuru. 
blasts  growhig  into  the  centra!  organs  to  terminate  in  them  in 
free  endings.  In  the  ear,  for  example,  the  ganglia  connected 
with  the  cochlear  and  vestibular  nerves  contain  cells  whose  two 
processes  grow  away  from  the  ganglia,  the  one  toward  the 
periphery  (to  the  cochlea  or  to  the  vestibule),  the  other  toward 
the  centre  to  the  nerve  tube  at  the  junction  of  the  medulla  and 
pons  {Fig.  117).  These  ganglia  are  in  every  way  analogous  to 
dorsal-root  ganglia,  their  only  peonliarities  consisting  in  (1)  the 
short  distance  which  the  peripheral  process  has  to  go  before 
terminating;  (2)  the  maintenance  thronghout  life  of  the  bi- 
polar condition. 
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In  the  eye,  too,  all  the  nerve  elements  of  the  retina  are  of 
neuroblastic  origin,  and  the  axones  of  the  cells  o(  the  gangliun- 
cell  layer,  growing  backward,  pass  by  way  of  the  optic  nerve 

Burdrr  /•/  oph- 


St-M  of 
alililluumic- 


a  lis.  -Ophthulmtc  vetricle  Bhowinfi  xtalh  and  g 
i-mbryu  i>r  thf  fiiiitth  wpek  mvii  fruni  Ih-Iiiw 
hiK'h  (liT  Eiilwu'ki'luiiKSjrin-liirhti'  diw  Mt'iiw 
Ml.  1     The  arti-ria  (■.•iitntlis  retiiw  luw  been  i 


ill  stalk  rniin  ii  liunun 
tcrJ.  Kullniatiii.  Lehr- 
iciiH.  IMW,  FiK.  340,  S. 
ill  fnini  Hndiii)t!i  in  s 


and  of  the  optic  tractti  into  the  mid-braiii  and  inter-brain.  The 
eye  differs  somewhat  in  origin  from  all  the  other  sense  organs, 
in  tliat  the  embryonic  niassea  of  neurones,  making  np  the  optir 


188 


THE  NERVOUS  SYSTEM. 


vesicles  from  which  the  eyes  are  formed,  grow  out  as  lateral 
projections  from  the  general  medullary  tube  (Figs.  118  and 
119).  Later,  however,  they  become  practically  separated  from 
the  central  nervous  system,  and  the  final  organic  nerve  connec- 
tion is  subsequently  made  by  the  growth  of  axones,  from  the 
nerve  cells  deposited  at  the  periphery,  back  into  the  central 
nervous  system  (Fig.  120).*  The  earliest  portion  of  the  retina 
to  develop  is  the  region  of  the  fovea  centralis. 

The  most  peripheral  olfactory  sensory  neurones  deserve 
especial  mention,  since  in  the  nose  we  find  the  only  evidence  in 
human  beings  of  a  condition   quite  general  in  invertebrate 


Fi(J.  120. — C'()mp<)sit<*  diagranimatic  tran.sv<'Ts<*  section  of  the  head  of  a  human  em- 
bryo to  show  tlie  growing  point  in  the  nervous  system,  anil  the  direction  of 
the  growth  of  the  fibre.  M,  medullary  canal  ;  E,  eye;  O,  ear;  N,  not^e  ;  C, 
eephaloiMxl  eye  ;  i>,  sensory  cells  from  the  skin  of  lumbricus.   (After  Jd^aU.) 

forms  {f'f,  researches  of  von  Lenhossek  on  the  central  nervous 
system  of  lumbricus,  and  the  investigations  of  Retzlus  upon 
invertebrate  forms).  In  the  olfactory  mucous  membrane  the 
early  stages  of  the  neuroblasts  are  present  among  the  epithelial 
cells,  just  as  in  the  ectoblastic  ridges  from  which  the  spinal 
ganglion  cells  arise.  But  instead  of  these  young  cells  wander- 
ing out  from  the  epithelial  plate,  as  appears  to  be  the  case 
with  the  cells  of  the  spinal  ganglia,  in  the  nose  they  remain 


♦  Cf,  Mull,  F.  P.    Op,  ciU 
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throughout  life  eituated  in  the  mucous  membrane  itself,  the 
axones,  which,  by  the  way,  never  become  medullated,  growing 
upward  and  backward  tlirough  the  cribriform  plate  to  enter 
the  olfactory  bulb,  where  they  terminate  in  free  end-arboriza- 


sp.c 


Flo,  121. — Trmavene  s«cdaii  thniDgh  the  anterior  part  at  the  trunk  Df  mi  fiii- 
htyo  of  Seyllium.  (AfttT  Balfoor.)  Jtii.  f-.  «pi"al  wnl ;  n>.  9.,  gaiiRlioii  iif 
domi  TOOt ;  nr.  vpntnll  mot ;  dn.  diinal,  tp.  n.,  ventral  branch  of  s]>inii1 
nerve;  mp,  part  i>r  diuhcIc  plate  Hlrfaily  ronvrrtetl  intu  tnuBcle ;  np.  t.,  purl 
of  miuicle  plate  eiteoiliiig  into  the  limb;  ni.,  nervuR  lateniiU ;  ao,  aortn;  eh. 
notochnrd;  ly.  g.,  BVmpntlietii:  KanKlion  :  M.  n,,  ranllnal  vein  ;  rd.  H-f!i<H'ntul 
duct:  ■(.  BeKmental  tiibr :  liu,  diindenum  ;  hp.  li.,  junctiiin  of  hepatir  <liiel 
with  it;  pan.  niillment  of  puni^nuis  (wnnecti-d  wiUi  ancither  part  of  cliiii- 
dennm  ;  umc,  opt'niiiR  of  unihilirnl  ranal  ( vitellliip  dnct). 

tions  within  the  olfactory  glomeruli.  In  these  neurones,  ther&- 
fore,  the  only  representative  of  a  dendrite  is  the  hairlike  distal 
end  of  the  olfactory  sense  epithelial  cell,  and  the  bodies  of  the 
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ganglion  cells  are  more  Buperfici&lly  placed  than  are  thoRe  of 
any  other  mammal  sense  organ. 

The  sympathetic  nervous  system  is  that  which  shows  in  its 
development  the  most  marked  wanderings  of  the  different 
constituent  elements.  Soon  after  the  outgrowth  of  the  epinal 
nerves  toward  the  periphery  there  can  be  Been  coming  off  from 
them  at  the  dorsal  edge  of  the  ccetom,  short  visceral  braaches, 
which  run  overtoward  the  aorta  (Fig.  131).  These  appear  before 
any  sympathetic  ganglia  are  present  and  correspond  to  the 
rami  communicantes.  All  authors  agree  that  the  ganglion 
cells  of  the  sympathetic  ganglia  have  an  origin  in  common 
with  that  of  the  spinal  ganglia,  although  it  would  appear  that 
Onodi's  original  view  that  the  former  were  formed  by  a  sort  of 
pinching  off  of  the  latter  is  incorrect.  According  to  His,  the 
sympathetic   ganglion  cells  are   formed   from  unripe    motile 


Fui.  183.— PhotumkTi)((r»iih  liy  A,  (i.  Hcjcri  of  «ition  thnmgh  a  nerve  in  th«  side 
uf  tlic  liumau  lunguu.  Alfuhol  Hiatinn — Ii^mntoiylin  and  cosin.  Two  ayni- 
IMthi'lir  ptiiRlion  rella  art  viaihli-  inidili'  the  nervn  tniok  near  its  edge. 

elements  which  wander  out  from  the  spinal  ganglia  into  the 
regions  subsequently  occupied  by  the  sympathetic  chain. 
These  wandering  cells  traveling  in  the  paths  of  least  resistance 
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tend  to  collect  in  groujis,  the  eympathetic  ganglia ;  in  addi- 
tion, scattered  along  the  ejmpathetic  nerve  trunks  throughout . 
life,  single  ganglion  cells  remain  demonstrable.     Any  one  who 


Conmcling  pitxtf. 


Fki.  1S3.— N'hcDUttit' rrprcseiitatioDDf  the  nnre  plrxiwura  heart  uf  «  hDomil 
pinhryu  after  His  Junior.  iFruni  J.  Kollntann.  Lrhrhut-h  iler  Entwicke- 
liinitBKtwIiirhte  dm  Menwhen.  Jeua.  ISBS.  K  Ma,  Flg.SS7.)  The  ixnliBc 
nerves  fnmi  the  vhkiu  are  dclirslp,  tfaiiw  of  Ihe  Hyuipulhetii'  eimrw.  in  the 

has  carefully  studied  even  ordinary  sections  stained  in  htema- 
toxylin  and  eosin  from  the  heart,  alimentary  tract  (plexuses  of 
Aiierbach  and  Meiesner),  the  tongue  (Fig.  1^^),  the  blood-ves- 
sels, the  bladder,  the  sexual  organs,  and  elsewhere,  must  be 
familiar  with  these  ganglion  cells,  and  it  is  now  believed  that 
all  of  them  which  are  to  be  found  in  the  viscera,  amounting 
to  thousands,  or  perhaps  millions,  of  elements,  have  had  their 
origin  in  this  nomadic  way.  The  younger  His*  and  Rom- 
berg have  already  worked  out  the  mode  of  formation  of  the 
ganglia  belonging  to  the  heart,  and  liave  thus  established  for 
the  first  time  a  satisfactory  anatomical  basis  for  the  physiology 
of  the  nerves  of  the  heart,  and  a  starting  point  whence  perhaps 

.•nis,  W.,  Jr.,  u.  E.  Romberg.  Beitrfige  lur  He riin nerval  ion.  FoH- 
schr.a.  Med.,Berl.,  Bd.  v'iii(18S0).S.874;  416.  His,W.,Jr.  DemoDstratioii 
von  Prftparaten  u.  Modellen  ziir  Herzinnervation.  Verhandl.  d.  Cong.  (. 
icinere  Med.  Wiesb.,  ii,  1800.  Ills.  W.,  Jr.  Die  Entwiirkeliing  dea  Her;^ 
nervensystema  boi  Wlrbelthieren.  Abhandl.  d.  raalh.-phj's.  ("1.  d.  k.  sSehs. 
Qesellsch.d,  Wissensch..  Bd,  iciii  (1693).  No.  1.  For  a  ntcenl  discussion  con- 
cemiDg  the  innervation  ol  the  heart  the  reader  is  referred  to  Ihe  article  hj 
V.  I,eyden.  Krilische  Bemerkiingen  fiber  Ilerznerren.  Iteutsche  mi-il.  Wehn- 
schr.,'  liBipt,  u.  Berl,  Bd.  iiiv  (1808)  [Discussion].  Ver.-Beil.,  S.  145-147. 
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those  puzzling  clinical  problems  in  connection  with  the  cardiac 
neuroses  maybe  advantageously  approached  (Fig.  123).  It  is 
true  that  so  far  as  regards  the  exact  history  of  the  develop- 
ment in  the  other  viscera,  we  are  for  the  most  part  still  pro- 
foundly ignorant,  and  a  vast  and  attractive  field  lies  here  open 
to  the  investigator. 

The  sympathetic  cells  differ  in  many  ways,  both  structural 
and  functional,  from  all  other  ganglion  cells,  a  fact  which  is 
not  surprising  when  we  consider  the  peculiarities  of  their 
origin  and  of  their  environment.  Whereas  all  other  nerve 
cells  tend  to  be  aggregated  in  large  cell  communities,  more  or 
less  sharply  separated  off  from  the  tissues  in  general,  those  of 
the  sympathetic  system  are  much  more  isolated,  being  gathered 
together  only  in  small  heaps,  while  in  many  instances  single 
cells  maintaining  their  existence  far  from  all  their  fellows  are 
completely  isolated  in  the  wilds  of  the  body  tissues,  retaining 
communication  with  the  centres  only  by  means  of  their  non- 
medullated  axones.  Under  such  circumstances  it  is  perhaps 
but  little  wonder  that  these  cells,  like  the  pioneers  of  the  back- 
woods, should  present  peculiarities  both  in  habitus  and  con- 
duct. 


CHAPTER  XVIII. 

ON  THE   MECHANICAL   FACTORS   OF   DEVELOPMENT  AND  THE 
HUMAN   BODY    AS   A   SEGMENTED   ORGANISM. 

Mechanical  factors  of  development — The  innervation  of  the  diaphragm — 
Segmentation  of  the  body — Metameres — Myotomes — Neurotomes — 
Angeiotomcs — Sclerotomes — Enteromeres — Dermatomeres — Sclerozones 
— Part  played  by  the  marginal  veil — Relation  to  the  problems  of  he- 
redity. 

In  the  study  of  the  historical  development  of  the  nervous 
system,  mechanical  factors,  of  a  very  simple  nature,  when 
viewed  close  at  hand,  are  continually  met  with.  The  results  of 
the  bending  and  shaping  of  the  medullary  tube  in  its  early 
stages  are  apparently  comparable  in  many  respects.  His  thinks, 
with  those  which  occur  in  a  simple  rubber  tube  when  subjected 
to  similar  influences.  The  peripheral  nerves  in  their  outgrowth 
follow  always,  like  blood-vessels  in  their  advance,  the  channels 
of  least  resistance.  In  regions  where  there  is  much  bending  of 
the  body — for  example,  in  the  neck  and  lumbar  region — the 
nerve  trunks  converge  to  form  the  well-known  plexuses.*  If  a 
bundle  of  nerves  in  its  outgrowth  meet  with  any  obstacle  in  its 
path,  such  as  a  bar  of  cartilage,  a  blood-vessel,  or  the  wall  of  a 
cavity,  the  bundle  tends  to  divide,  a  portion  of  the  fibres  pass- 
ing on  each  side  of  the  obstruction.  In  this  way  the  curious 
distribution  of  many  peripheral  nerves,  entirely  obscure  before 
these  embryological  studies,  becomes  explicable.  An  instructive 
example  of  the  light  afforded  in  certain  dark  comers  by  his- 
togenetic  studies  is  to  be  seen  in  the  innervation  of  the  dia- 
phragm. 

Von  Baer  f  had  pointed  out  that  the  diaphragm  in  mam- 
mals develops  at  first  in  the  neck  region  and  that  it  descends 

♦  Cf.  His,  W.  Ueber  den  Aufbaii  unseres  Nervensystems.  Berl.  klin. 
Wchnschr.,  Bd.  xxx  (1898),  S.  957;  996.  Also  in  Wien.  med.  Presse,  Bd. 
xxxiv  (1893),  S.  1477 ;  1521.  Also  in  Wien.  mcd.  Bl.,Bd.  xvi  (1893).  S.  483 ;  497. 

t  V.  Baer,  K.  E.  UeV)er  Entwickelungsgeschichte  der  Thiere ;  Beobach- 
tung  und  Reflexion.,  ii.  S.  226. 
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later.  He  suggested  its  cervical  origin  as  an  explanation  of  the 
well-known  fact  that  it  la  innervated  (in  tlie  maio  at  lea^t)  by  a 
cervical  nerve.  Cadiat  *  and  Hia  \  recognized  the  mass  of  tis- 
sue which  in  the  embryo  is 
destined  to  give  rise  to  the 
diaphragm.  Mall  {  has  studied 
the  position  of  the  diaphragm 
in  several  reconstructed  bo- 
man  embryos,  and  his  re- 
searches, taken  together  with 
those  of  Uskow*  and  Ravn,| 
show  most  clearly  the  shifting 
of  the  organs  and  the  con- 
stantly changing  relations  ac- 
companying the  flexion  and 
extension  of  the  embryo.  In 
Fig.  124  the  position  occupied 
by  the  diapliragm  at  varions 
developmental  stages  is  clearly 
shown.  The  position  marked 
xliii  corresponda  closely  to  the 
position  of  the  diaphragm  in 
the  adult ;  while  xU,  zrnii,  xix, 
ii,  KO,  and  ix  represent  suc- 
cessive stages  of  the  wander- 
ing process  during  develop- 
ment. When  the  phrenic  nerve 
groWa  into  the  diaphragm  the 
latter  is  in  the  cervical  region, 
and  the  distance  from  the 
spinal  cord  to  the  mascle  to 

l<ipi>emciil  de  la  [Hirtion  c^pbalo-thoracique  de 
.  iliuphragme,  dos  plovres,  du  p^ricanle.  do 
I'uniit.  et  jihyBiol,.  elc.,  Par.,  L  xiv  (1878),  pp. 


(After  ^tall. 


•  CndiRt,   O.     Du  lit-v 
I'cmliryan  ;  de  la  fonnaticv 
phar}']!!  et  dc  I'd'sopliage,  .1 
630-674. 

t  His.  W.     Anatomic  menschlicher  Einbryonrn.  i.  1880;  iii,  1886. 

i  Mnll.  I''.  P.     Dcviiliipmctit  or  <lie  nmimn  Ca'lotii.     J.  Morphol.,  Boat. 
v,.l.  xii.  IH!)6-'ftT.  pp.  39.V-153. 

■  Ugtcim.  X.    Uclmr  dio  Bnlwickoliing  des  Zwerchfcl!!!,  des  Pericardiams 
ulid  des  (VIonis.     Arcli.  f.  inikr.  Anat.,  Bonn,  Bd.  ixii  (1883),  S.  148-316. 

I  Ravn,  K.     I>io  BildiinedesSai'ptiim  tnmsversiirn  boim  HUhnerembtTo. 
Arch.  f.  Anat.  ii.  Physiol.,  Anat.  Abth.,  Leipz.  (1806),  S,  lST-186. 
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be  innervated  is  minimal.  With  the  descent  of  the  dia- 
phragm the  phrenic  nerve  grows  and  goes  with  it,  so  that  in 
the  adult  we  have  an  abdominal  muscle  innervated  by  a  nerve 
of  the  neck.  The  work  of  His  upon  the  recurrent  laryngeal 
nerve,  and  of  Nussbaum  upon  the  wandering  of  muscles  and 
their  innervation,  are  of  interest  in  this  connection.  As  a  mat- 
ter of  fact,  an  entirely  new  conception  of  the  relations  of  the 
muscles  to  one  another,  and  to  the  nerves  and  bones,  has  been 
gained  through  the  anatomical  studies  of  Huxley,  Gegenbaur, 
Paterson,  Dohrn,  R.  G.  Harrison,  Furbringer,  Mall,  Eisler,  Bolk, 
Ruge,  van  Wijhe,  and  others.  Since  from  a  morphological 
standpoint  the  muscles  are  most  easily  understood  by  consider- 
ing them  as  end  organs  of  the  motor  nerves  some  reference  to  the 
ideas  at  present  held  in  this  connection  will  here  be  in  place. 

As  is  well  known,  man,  in  common  with  a  large  series  of 
animals,  is  a  segmented  organism.  Even  in  the  adult  the  ver- 
tebral column,  the  roots  of  the  spinal  nerves,  the  ribs,  and  the 
transverse  bands  of  connective  tissue  in  the  rectus  abdominis 
muscle  give  evidence  of  this.  But  when  we  go  beneath  the 
surface  and  study  the  segmentation  of  the  body  of  man  and  other 
animals  in  the  embryo,  and  compare  the  relations  of  adult 
structures  with  the  embryological  memberment,  a  conception  of 
the  anatomy  of  the  human  body  is  gained  which  is  wholly  foreign 
to  and  impossible  for  the  ordinary  student  of  the  old-time  dis- 
secting room.  This  memberment  or  metamerism  is  most 
sharply  to  be  made  out  in  the  embryo  with  the  appearance  of 
the  primitive  segments  (protovertebrae,  metameres,  or  Urseg- 
mente  of  the  Germans).  The  muscular  system  is  originally  laid 
down  as  a  series  of  muscle  segments  (myotomes  or  somites) 
which  are  derived  from  the  dorsal  portion  of  the  metameres. 
The  segmentation  is  almost  as  clearly  visible  in  the  nervous 
system  (neural  segments,  neuromeres,  or  neurotomes),*  in  the 


*  There  is  still  dispute  as  to  the  neuromeres.  The  term  was  applied  to 
the  segmentation  indicated  by  a  series  of  alternating  slight  enlargements 
and  constrictions  of  the  medullary  tube.  Each  enlargement  is  siipj)osed  to 
correspond  to  a  pair  of  ventral  nerve  roots.  The  latter,  however,  appear  to 
spring  from  the  constriction  between  two  neuromeres,  and  Minot  (Human 
Embryology,  page  605)  suggests  that  the  ventral  roots  arise  from  half  of  two 
adjacent  true  neuromeres.  Of.  Piatt.  Julia  B.  Bull.  Mus.  Comp.  Zoo).,  at 
Harvard  College,  vol.  xviii  ^1889),  p.  171.  Locy,  W.  A.  Anat.  Anz..  Jena, 
Bd.  ix  (1894),  S.  393.    Neal,  U.  V.    Ihid.,  Bd.  xii  (1896),  S.  377. 
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vascular  Bystem  (Tuecular  segment  or  intereegment  or  angei- 
otome),  and  in  the  skeletal  system  (bone  segments  or  sclero- 
tomes) ;  it  is  also  to  be  made  out  probably,  thongh  much  less 
distinctly,  in  the  alimentary  tract  (cnteromeras)  and  in  the  in- 
tegument (dermatomerea).  The  overlapping  or  "telescoping" 
of  the  segments  and  of  the  segmental  derivatives  in  general 
complicates  the  study  in  human  beings,  but  without  the  con- 
ception of  segmentation  anatomy  can  not  easily  be  understood. 


niitml  luyt 

Aiutiiuifi-  dcs  Mi'nHL-liKn,  Bd.  i,  Luiuz.,  UWT,  8.  52,  I'll. 

A,  tniiiNvcrMi  wctlun  thmnKfa  tbe  TeKiun  of  the  fore  kidney  <jf  an  embrro 

whk'h  the  miiaclv  avBrnent,  Mp,  ia  dpiiik  pinched  uff. 

B,  traiiAVCTMi  aci'tiiiii  throUfih  a  KOUlvwbat  uldcr  embryo  in  which  the  muacle 

ia>giiii-ntH  liuve  imin  pliu'hvd  off.  ur.  nvrve  tnbii;  eh,  cliurda  ;  ao,  moTtm,\  «et. 
miht'hunlBl  colunin  ;  mp,  muscle  pbitc  at  the  primitive  Hcgmunt :  w,  sune  of 
ftroHth  hy_  which  thv  niUKcle  plati-  hviidH  amnnd  into  tlif  skin  plat«,  tp ;  H. 
•finv  uniting  the  primitive  xcgmi^tii  witli  the  body  cavity  fcma  which  tJie 
tlilHllia  of  the  litinUtiTP  kidney,  k1',  devp|<i|i;  at,  Hkclctugt'nuua  tianie  which 
■riw'H  by  pnilitcTation  tiraa  the  medial  ifalf  of  the  uniting  piece,  vb  ;  tm,  ton 
kidney;  mk',  mSfl,  parietal  and  viiireral  miildle  iayer  out  of  the  mlla  of 
which  thi!  mcHetH.'lijtne  devel<ipii;  th,  iKHly  ntvity ;  it,  layer  for  intestinal 
sliiiidH;  A.  mvity  uf  the  primitive  negmi'Tit;  Kt,  tubali*  of'the  prlmiUve 
Kidney ;  at,  point  of  M-paratliin  iif  the  tubiilcH  of  the  primitive  kidni^  tima 


Leaving  out  those  of  the  head,  the  number  of  which  is  not 
yet  exactly  determiued,  the  human  body  has  from  thirty-Are  to 
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thirty-seven  primitive  aegmentB  or  metameres  on  each  side ; 
eight  cervical,  twelve  thoracic,  five  lumbar,  five  sacral,  and 


136.— Hunutn  fmliryo  fourteen  to  nzt««n  days  old  ;  Itft  half  of  cnlsa  hh-Uod 
240  ti>  ahow  di'vcluping  mjrutume.  (After  J.  Kollmann.  Lvlirhucli  der  Ent- 
kkeluiig!igfM;hii:ht«  dcs  Mcnschen,  jeim,  IBUS.  S.  133,  Fig.  71. ) 


from  five  to  eight  caudal.  The  primitive  segments  appear  in 
the  embryo  as  sharply  defined  masses  in  the  mesoderm  lateral 
from  the  chorda  dorsalia  and  the  medullary  tube.  They  appear 
one  by  one,  gradually  increasing  in  number  as  the  embryo 
grows,  those  in  the  cervical  region  being  the  first  to  become  de- 
veloped. Each  metamere  or  primitive  segment  is  divided  into 
a  dorsal  portion  and  a  ventral  portion.  The  dorsal  portion 
gives  rise,  as  we  have  seen,  to  ihe  myotome.  The  ventral  por- 
tions of  all  the  metameres  are  in  the  craniota  fused  to  form  a 
common  cavity,  the  hypoccelom,  sometimes  called  the  ventral 
or  unsegmented  coelom,  which  corresponds  to  the  body  cavity 
(pleune,  pericardium,  peritonjeum).  Fig.  125. 

The  appearances  on  section  in  the  human  embryo  are  repre- 
sented in  Fig.  126. 

Each  myotome  or  muscle  segment  is  at  first  hollow,  but  later 
is  seen  to  be  filled  with  a  core  of  cells,  the  so-called  nucleus  of 
the  metamere  (Remak's  Urwirbelkern).  These  cells  stream 
out  from  the  medial  side  of  each  myotome  to  form  the  sclero- 
tome or  skeletal  segment  (Fig.  127),  and  there  are  accordingly 
as  many  sclerotomes  as  there  arc  myotomes. 
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Corresponding  to  each  metamere  there  is  an  artery  and  vein 
(vaBculiir  segment  or  angeiotome).  Further,  each  metamere  be- 
hind the  head  receives  the  motor  root  and  the  sensory  root  of 
one  spinal  nerve.  This  spinal  nerve,  including  both  the  motor 
part  and  sensory  part  with  its  spinal  ganglion,  together  with  a 


r  EiitwickviungHge- 


portion  of  the  mcilnlhiry  tube  to  which  it  belongs,  repreeents 
one  neural  segment  or  neurotome* 

The  lines  which  in  the  embryo  separate  the  primittTO  seg- 
ments or  metumeros  from  one  another  are  known  as  the  inter- 
segmental linos.  Ill  these  develop  later  those  myosepta  or 
myocomraata  which  separate  the  myotomes  from  one  another, 
and  in  the  adult  give  origin  to  the  ribs  and  the  intermuscular 
septa. 

The  musHos  of  the  body  are  divisible  into  (I)  skeletal  and 
(a)  visceral  muscles. 

The  skeletal  musculature,  which  includes  the  eye  muscles, 
the  muscles  of  the  trunk  and  of  the  extremities,  arises  from  the 
myotomes.  The  viseeral  museulature,  which  includes  the  mus- 
cles of  the  alimentary  tract  and  of  the  liloml  vascular  system, 

•  As  will  In'  iKiinlcd  otii  in  Swrimi  VI,  llfiid  tluiika  that  a  compariaon 
of  liis  sMicHrs  wild  iliciw  nf  SlicriiiiKloii  imlienlo  tliiit  llio  segment  in  the 
xfiinnl  porri  ilo.'s  iint  (■xhciIv  i^orR'sjiiinil  In  tlio  nerve  routs  in  its  peripheral 
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arises  from  the  unaegmented  meeoderm,  especially  from  its 
Tiai'eral  or  splanchnic  layer.  There  has  been  some  dispute  as 
to  the  nature  of  the  muscles  of  the  head  (muscles  of  the  eyes, 
tongue,  jaws,  and  branchial  arches),  but  the  results  of  many 
investigators  make  it  seem  probable  that  they  have  their  origin 
in  atypical  myotomes  (ventral  portions  of  head  myotomes). 
Since  they  arise  from  the  cells  lining  the  cayities  of  the  bran- 
chial arches,  however,  a  number  of  investigators  look  upon  them 
as  belonging  to  the  visceral  musculature. 

During  development  marked  wanderings  of  the  muscles 
take  place,  and  it  is  exceedingly  interesting  to  attempt  to  trace 
the  relations  of  each  embryonic  myotome  to  the  adult  muscu- 
lature. In  general  it  would  appear  that  each  myotome  of  the 
trunk  undergoes  subdivision  into  a  dorsal  part  and  a  ventral 
part,  these  two  portions  being  separated  from  one  another 
by  connective  tissue.  The  dorsal  part  of  a  myotome  gives 
rise  to  the  large  muscular  mass  which  occupies  the  costo- 
vertebral groove,  Fig.  128,  A  1,  The  ventral  part  of  the  nvyo- 
tome  extends  out  into  the  ^  ^ 

ventral  parietes  (Fig.  138,  A 
2,  3,  4, 5),  in  the  thorax,  for 
example,  helping  to  give 
rise  to  the  intercostal  mus- 
cles (3),  the  snbvcrtebral 
muscles  (3),  the  subcostal 
muscles  (4),  and  the  mus-  v  \ 
cles  of  the  upper  extremity 
(5).  The  ventral  muscula- 
ture (Fis.  128.  A  2.  3.  4.  5.  ^'"-  138.-fltheme  of  hone  and  mnscle  seB- 
,^°.  '  ■.,    1.  "'™'-     (AfWr  A.  RttuWr.  Lfhrbuch  di-r 

and  B  v.)  together  with  the  Anatumiu  din  Mcnwhin.  V  Aufl..  1,1-iiiz., 

dor«l     mu.o„l.tare    (Fig.   A.TiS^'Jf.'^'tff  *  ....  v.^*™; 

128,    A    1,    B    d.)    make    up  r.  HmwcKtonim:  if.ar.™  vi«'e™liii;  /. 

,  .   ,    ,  ,    ,  fliii>Ml  purtof  luluch'  spfnucnt ;  iS.  ven- 

the    parietal     musculature       tniipHrtofinuwifM-KmentwithitHiiiirvr- 

deri«d  from  one  mjotome.  jr.ri'SSi^lTrft™'  ttt 
The    visceral    musculature  „  trMnity;_«,TiBn-i»liniiiirlp. 

B. — Thi' psnctal  muM'lcM!tcmiiit  UrouKht  to 
corresponds     to      the     mass  itsHimplititcipreBdcin:  d.donnlimrt;  p, 

marked  (6)  in  the  figure.  "'"'™'  ^^■ 

The  division  of  the  parietal  musculature  into  a  dorsal  por- 
tion and  a  ventral  portion  separated  by  a  connective-tissue 
septum  is  very  much  more  distinct  in  lower  vertebrates  than  it 
is  in  man.     The  line  of  separation  between  the  dorsal  and 
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ventral  musculature  is  known  in  these  animals  as  the  latersl 
line  {Seitenlinie  of  the  Germans),*  and  here  are  situated  an  im- 
portant series  of  sense  organs  known  as  the  "  sense  organs  of 
the  lateral  line."  It  is  not  unlikely  that  the  so-called  branchial 
sense  organs  (Beard),  which  appear  temporeriVy  in  the  region 
of  the  head  in  young  embryos  of  higher  forms,  correspond  to 
the  sense  organs  of  the  lateral  line  of  lower  animals. 

Each  myotome  has  a  neurotome  corresponding  to  it  by 
which  it  (along  with  the  skin  and  other  adjacent  stractares)  is 
innervated.  The  ventral  and  dorsal  roots  of  a  spinal  nerve 
unite  to  form  a  common  trunk,  the  mixed  nerve  stem.  The 
latter,  the  peripheral  representative  of  one  neurotome,  divides 
into  a  dorsal  ramus  and  a  ventral  ramus.     The  dorsal  ramus  in- 


Fki.  lan.— Tninlt  wKmi-iit  rif  human  embryo  with  onr  pBlr  of  nprves  and  the 
mil  itiii-iit  iir  lite  niiisi'iiliidin'  iif  <iii(-  I'Xin'inity  nt  the  sixth  week,  whenuitic. 
(After  J.  KiillinHuti.  r.<'hr1nn-h  lii'r  Eiitwirki'luiigsgi-whichte  dea  Hviuchcn, 


nervates  the  dorsal  portion  of  the  myotome,  the  ventral  ramuB 
the  ventral  portion  of  the  myotome.  Fig.  120. 

At  the  time  the  union  of  the  neurotome  with  the  myotome 
occurs,  the  latter  is  in  close  proximity  to  the  medullary  tube, 

*  t'urros]ioiulinK  tii  this  we  have  in  human  Wingis  the  ileep  layer  of  the 
fftsda  liimliodorsalis  separating  the  dorsal  miiMulalnre  of  the  trunk  from 
the  ventral. 
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and  the  distance  to  be  traversed  by  the  outgrowing  nerve  is 
minimal.  As  development  proceeds,  however,  th.e  muscles 
change  their  position,  in  large  part  owing  to  their  skeletal  at- 
tachments, and  become  farther  and  farther  removed  from  the 
places  in  which  they  originate.  The  displaced  myotome  deriva- 
tives carry  their  nerve  branches  with  them  ;  where  the  muscle 
goes,  the  nerve  accompanies  it.  In  the  adult  the  easiest  clew,  as 
a  matter  of  fact,  to  the  myotomic  origin  of  a  given  muscle  is  its 
nerve  supply. 

Some  of  the  muscles  of  the  adult  body  have  been  derived 
from  more  than  one  myotome.  Thus,  those  arising  from  two 
myotomes  are  known  as  diplomeric  muscles  (e.  g.,  the  supra- 
spinatus  and  infraspinatus  muscles),  those  from  more  than  two 
myotomes  as  polymeric  muscles  (e.  g.  the  pectoralis  major  and 
minor  muscles).  In  such  instances  the  diplomeric  or  polymeric 
origin  of  a  muscle  is  indicated  in  the  adult  liy  its  diplomeric 
or  polymeric  innervation,  for  muscles  derived  from  more  than 
one  myotome  are  innervated  by  nerves  derived  from  the  ventral 
roots  belonging  to  more  than  one  neurotome. 

The  origin  of  the  muscles  of  the  extremities  and  the  inner- 
vation of  these  muscles  are  of  especial  interest.  For  our  knowl- 
edge in  this  connection  we  are  much  indebted  to  Dohrn,*  P. 
Mayer,  f  Kiistner,!  Paterson,  *  van  Wijhe,|  van  Bemmelen,^ 


•Dohm.  A.  Studieii  zur  Urgeschichte  Jes  WirbelthierkOrpers.  VI.  Die 
paarigcn  und  unpaoren  Flossen  iler  Seliicliier.  Mitthcil.  aiis  der  zool. 
Station  zii  Neapel.  Bd.  t  (1884).  Also,  Die  unpaare  Flossf  in  ihrer  Bedou- 
tiing  [Qr  die  Beurlheilung  der  geneaJiigischen  Stelliing  der  Tunicatcn  und 
des  Amphioxiis,  und  die  R^ste  der  Beckenflosse  bei  Petromy zon.  Ibid.,  Bd. 
»i  (18*5). 

t  Mayer.  P.  Die  unpaaren  Fiossen  der  Selachier.  Mittheil.  aus  der 
zool.  Station  zu  Neapel.  Bd.  vi  (1885). 

i  KSstner,  S.  Ueber  die  allgemeine  Entwiekelung  der  Rumpf-  und 
Sirhwanzmusculatur  bei  Wirbelthieren  ;  mit  bcsonderer  BerQcksichCigung 
der  Selachier.  Arch.  f.  Anat.  und  Phys..  anat.  Abtheil..  LBipz.  ( 1882).  S.  153- 
232:  also  Uehor  die  Entstehunp;  der  Eitremitatenmiiseulatur  bei  den  anu- 
ren  Amphibien.     Verhandl.  d.  anat.  Gesellsch..  Jena.  1803.  Bd.  vlj.  S.  Iftl-lOO. 

"  Paterson,  A.  M.  On  the  Fate  of  the  Muscle  Plate  and  the  Develop- 
ment of  the  Spinal  Nerves  and  Iiimb-Pleiuses  in  Birds  and  Mammals. 
Quarl.  J.  Micr.  8c..  I,ond.,  n.  $..  vol.  iiviii  (1887-88).  pp.  lOB-129. 

I  van  Wijhe,  J.  W.  Uebvr  die  Mesoderm segmente  und  ilic  Entwickelung 
der  Nerren  des  Selaehierkopfes.  Verhandel.il.k.  Akad,  v.  Wetenseh.  Arast., 
Deelx»ii(1883).  pp.  1-30. 

*van  Bemmelcn,  J.  F.      Ueber  die  Herkuntt  der   KitremitJiten-   und 
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Kollmann,*  and  in  America,  Ryder,t  and  especially  B.  G.  Har- 
rison.t     Tlie  mueculiiture  of  the  estremities  is  derived  in  the 


FlO.  130.— Eiicjiwlnictiim  nf  n  yiiiiiiR  liuman  embryo  i-nlarned  Bve  times,  illus- 
tratinR  tho  iinsitimi  i.f  tliu  M.  rectus  Blidiiniitii»  and  its  polymeric  uatDre. 
lAftor  F.  1'.  Mnll,  .1.  Mi.rpliol.,  Hint.,  vol.  liv  llM»7-'e8l,  R.  B,  Fig.  4.) 

Ziiii);enmuskulaliir  tiej  Ei<lG('h»e[i.  Aiiat.  Anz.,  Jeiiti,  Bd.  iv  (1889),  h. 
240-25.'). 

*  Knllinann.  J.  Die  Riiiiiprse);iiieiite  tnensehlicher  Embryonen  von  13 
bis  35  ['rnirbetn.  Arcli.  f.  Anal,  und  I'bys.,  Lcipz.,  AnaL  Abtheil.  (1891). 
S.  39-88. 

f  Rjilcr.  J.  A,  A  Con  tril  lilt  ion  to  tlie  Binbryugraphj  of  Osaeoiu  Fishes 
with  Special  Reforenci.'  to  itie  Dcvelopnioiit  iit  Ihe  Coil  (Qadus  inorrhua). 
Annual  I{p|Mirl  U.  S.  C<ini.  of  Fish  ami  Fisheries  for  1882. 

I  Harrison.  It.  (i.  I'i'lier  die  Fntwiek tiling  tier  nicht  knorpelig  vor- 
gebildcten  Skeleltlii-ili'  in  den  Flosspn  der  Tploosticr.  Arch.  f.  Hikr.  Anu^ 
Itonn.  Bd.  ilii  (18!)^) ;  also  The  Ilpvetopment  of  Ihe  Fins  of.TeleiMts.  The 
Johns  Hopkins  rniversitj-  Cjreiilant  (1SB4).  No.  Ill ;  rIso  The  Hetamerism 
of  Ihe  llorsataiid  the  Ventral  lionRiliidinal  Muscles  of  thoTeleoBta.  The 
John.s  Hopkins  t'niversit.r  CirculHrsdtlOJ).  No.  1)1  :  aUo  Die  Entwidtelang 
dcr  unpaaren  und  [marip-n  Flrwspn  der  Ti'leostier.  An-h.  f.  tDikr.  Anat., 
Bonn,  m.  xlvi  (181(5),  S.  JWO-.ITB. 
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main  from  muscle  bude  which  a 
ment  from  the  trunk  myotomes. 


i  pinched  off  during  develop- 
According  to  Harrison,  a  cer- 
tain number  of  the  muscles  of  the  extremities  are  derived  from 
the  unsegmented  mesenchyme  rather  than  from  the  myotomes. 
It  seems  likely  that  the  relations  of  myotome  to  neurotome 
hold  also  for  the  extremities,  but  thus  far,  owing  to  the  ex- 
tremely complicated  processes  of  development,  it  has  been  im- 


la.  131.  — Fii'ldn  rm  the  Pit^mal  mirface  of  the  oh 
to  thf  HttM'litnpiit  »f  the  VHrioUB  oiuacU-H.  The  thonu^i-lumhiKHi 
(IStli-lOth)  ffovi-rninK  the  iiiilividiml  muwiiii  are  inilitiitvd.  (A1 
Mnrphol.  Juhrh.,  Lripi,,  B.1.  iii,  ISM.  S.  242.  Vig.  1.) 


raponding 
r  L.  itolk. 


possible  to  determine  this  absolutely.     Here  also  in  the  adult 
structure  it  seems  probable,  however,  that  the  neurotome  supply. 
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when  it  can  be  eBtablished,  is  a  safe  guide  to  follow  in  drawing 
conclusionB  as  to  tlie  myotomic  origin  of  the  various  muscles. 


^-e 


r/.\ 


„r  IB  i,,i,o 

minntiim.    Tho  lines  bound  tbe  are«a  in 

altHrhnicii 

H  of  Ihi'  niiiwle  niiuwK  derived  ttma  the 

bv  (lir  12t 

1..  Il».  Iftth  tl„.™.o.h.mbo«cn.l  aervei 

hi-  liciic  ]„ 

twi-CH  ll»'  lities  «re  the  »u-ralled  "sclent- 

k.  M.irphcil 

J«hrk,  Uipz,.  Rii.  xsi.  1894. 8.  US.  Fig.  g. ) 

That  these  genera]  principles  hold  for  the  human  abdominal 

muBclos  and  their  iniiLTvation  has  recently  been  demoDstrated 
by  Mall,*  Fifi.  130. 

•  Jtal).  F.  V.     Develii[impiit  of  the  Vfiiirnl  Aliiicuninal  Walls  in   Han. 

J.  Mor[,hol..  Bast.,  vol.  liv  (HH)7-'08).  pp.  347-360. 
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An  extensive  series  of  investigations  undertaken  hy  BoVk  * 
must  here  be  referred  to.  His  results  regarding  the  innerva- 
tion of  the  muscles  of  the  pelvis  and  tlieir  bony  attachments 
ma;  he  chosen  aa  an  example.  As  will  be  seen  by  reference  to 
Fig,  131,  there  are  successively  atta(^ed  to  the  ilium  in  a  ven- 


— ,  --tinn  skplet»l 

Hit'iu  oiirnwuoiidinK  to  Ihu  iiiyntuuu'H  innervated  l>y  thv  l'2th-lntti  Ihonu'ii- 
lumbfMMiTil  iien-cs.  (AfUr  L.  B..lk,  Mc.rph..!,  Jahrli.,  U'ipz.,  Bd.  xii, 
1894,  S.  -iSe.  Fig.  3. ) 

tro-dorsal  direction  the  following  muscles:  (1)  M.  sartorius; 
(2)  M.  tensor  fascia  lata;  (3)  M.  glutwus  minimus;  (4)  M. 
glutteus  mediua,  (5)  M.  glutseus  masimus;  (C)  M,  piriformis. 


*  Bolk,  L.  Beziehungen  zwjschen  Skelct.  Miiskulatur  und  Nerren  der 
Eitremitaten,  dargclcgt  am  Becker gllrtel,  an  dessen  Muskulatur,  sowie  am 
Plexus  lumbosacralis.  Morphol.  Jahrb,.  Bd.  ixi  (18»4),  S.  241-277  ;  also. 
RekoDstruktinn  der  Segmentirung  der  GliedmassenimiakuUtur.  dargelegt 
an  deo  Muakeln  des  Obcnchonkcls  und  des  Schultergdrtels.  Morphol. 
Jahrb.,  Leipz..Bd.  xxji  (1894-'ft1),  S.  357-879:  also,  Die  Sklerozonie  des  Hu- 
nierus;  zugleich  ein  Bcitrag  zur  Blldungsgeschichte  dieses  Skeleltheiles. 
Morphol.  Jahrb.,  Leipi..  Bd.  ixiii  (1895).  S.  391-411 :  and  Die  Segmental- 
differenzirun^;  des  metischlithen  Rumples  und  seiner  Kitremiiaten.  Mor- 
phol, Jahrb,,  Leipz..  Bd.  iiv.  H.  4,  S.  485. 
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These  muscles  are  innervated  by  a  corresponding  series  of  ven- 
tral roots,  as  is  shown  by  the  accompanying  table. 


Table  I. 


Serial  sequence  of  the  muscles  according 
to  their  ori)2:in  from  the  ilium  in  ven- 
tro-dorsal  direction. 


Innervation  of  the  muscles   by   thoraco- 
lumbo-sacral  spinal  nerves. 


1.  M.  sartorius. 

14 

15 

2.  M.  tensor  fascia?  lata?. 

16  (17  f) 

3.  M.  glut«TUs  minimus. 

16    17 

4.  M.  glutams  medius. 

16    17     18 

5.  M.  gluta^us  maximus. 

17     18     19 

6.  M.  piriformis. 

18     19 

Again,  the  following  muscles  are  successively  attached  to  the 
pubis  and  ischium  in  ventro-dorsal  direction. 

(1)  M.  rectus  abdominis,  M.  pectineus,  M.  adductor  lon^s, 
M.  adductor  brevis,  M.  gracilis,  M.  adductor  magnus,  M.  ob- 
turator extenius,  portio  ischiadica  M.  adductoris  magni,  M. 
quadriceps  femoris  with  the  M.  gemellus  inferior,  M.  semimem- 
branosus, M.  semitendinosus,  M.  biceps  femoris,  M.  gemellus 
superior  (obturator  internus).  These  muscles  are  in  a  similar 
way  innervated  by  a  series  of  ventral  motor  roots  of  spinal 
nerves  passing  in  a  cranio-caudal  direction,  as  the  following 

table  makes  clear : 

Table  II. 


Serial  setjuence  of  the  muscles  according 
to  their  origin    from    the   pubis   and 
ischium  in  ventro-dorsal  direction. 

Innervation  of  the  muscles  by  the  follow- 
ing thoraco-lumbo-sscrsl  spuua  nerves. 

1.  M.  rectus  abdominis. 

6-12 

2.  M.  pectineus. 

14 

15 

3.  M.  adductor  longus. 

14 

15 

4.  M.  atlductor  brevis. 

14 

15 

16 

5.  M.  gracilis. 

15 

16 

6.  M.  adductor  magnus. 

15 

16 

7.  M.  obturator  extern  us. 

15 

16 

y.  Portio  iwhiadica  M.  adductoris 

magni. 

16 

9.  M.  quadriceps  femoris  +  M.  ge- 

mellus inferior. 

16 

17 

18 

10.  M.  semimembranosus. 

16 

17 

11.  M.  semitendinosus. 

17 

18 

12.  M.  biceps  femoris. 

18    19 

13.  M.  obturator  intenius  (gemellus 

superior). 

16 

17 

18    19 
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Bolk  hae  accordingly  drawn  a  aeriea  of  lines  over  the  surface 
of  the  pelvis  corresponding  to  the  limits  of  the  attachments  of 
the  derivatives  of  auccesaive  myotomes.     The  positioD  of  these 


lines  corresponds  to  the  niyoeonimiita  or  mesodermal  septs 
which  in  the  embryo  separate  the  myotomes  from  one  another. 
It  seems  likely  that  the  distribution  of  one  myotome  stands  in 
a  definite  relation  to  that  of  a  given  sclerotome.  The  surface 
of  the  bone  giving  attachment  to  the  muscles  derived  from  a 
given  myotome  is  known  as  a  sclcrozone.  In  Figs.  131  and  133 
the  various  sclerozones  on  the  outer  surface  of  the  pelria  are 
demonstrated.  It  will  he  noticed  that  the  muscles  attached 
to  the  ventral  snrface  of  the  pelvis  have  been  derived  from 
myotomes  more  anteriorly  placed,  while  those  attached  to  the 
dorsal  part  of  the  pelvis  have  originated  in  myotomes  more 
caudally  situated. 

That  the  relations  are  much  more  simple  in  the  embryo  is 
not  surprising,  aiul  Bolk  has  done  anatomy  an  important  ser- 
vice in  pointing  this  out.     In   Figs.   133   to   136  the    foetal 
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conditiouB  are  illuatrated.  The  aclerozones  at  thia  period  are 
limited  by  straight  lines.  The  bone  is  much  simpler  in  form, 
the  complexity  of  the  later  relations  of  the  muscles  and  nerves 
being  in  large  part  due  to  skeletal  alterations.  For  a  descrip- 
tion of  the  (1)  prozonal,  (2)  diazonal,  and  (3)  metazonal  nerve 
trunks*  ((1)  X.  femoralis,  (3)  X.  obturatorius  and  (3)  N. 
is(5hiadicus,  Xn.  glutei  and  X.  obturatorius  internus)  and  the 
mechanical  factors  which  have  led  to  the  curious  distributions 
of  muscles  and  nerves  in  the  adult,  the  original  article  of  Bolk 
may  be  consulted.     An  excellent  epitome  of  portions  of  the  re- 


search 13  given  in  the  last  edition  of  Rauber's  Toxt^book  of 
Anatomy,  t 

The  sclerozonic  anatomy  of  the  humerus  ia  indicated  in 
Figs.  139  to  143.     Bolk  believes  that  t^ie  mesenchyme  out  of 


•  Nomenclature  of  Max  Filrbringcr. 
f  Rauber,  A.     Ijchrbuch  der  Analom 
<18»8),  Bd.  ii,  S.  506  ff. 


i  Meiisclien.    V.  Auft.,  Iieips. 
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which  that  portion  of  the  skeleton  which  corresponds  to  a 
sclerozone  is  formed  arises  from  the  same  segment  as  the  myo- 
mere belonging  to  the  sclerozone,  but  will  not  assert  that  the 
whole  mesenchyme  undergoes  segmentation — that  is,  that  a  defi- 
nite metamerism  of  its  whole  substance  can  be  demonstrated. 

It  appears  that  the  humerus  is  formed  of  the  mesenchyme 
corresponding  to  the  fifth,  sixth,  seventh,  and  eighth  cervical 
myomeres.  It  is  a  curious  circumstance  that  of  the  muscles  of 
the  humerus  in  the  proximal  part  of  the  bone,  all  are  derived 
from  the  dorsal  layer  of  tlie  musculature,  none  from  the  ventral 
(cf.  stratum  doraale  and  stratum  ventrale  in  Fig.  129).  The 
only  muscle  of  ventral  origin  at  the  proximal  end  of  the  ha- 


'  lAftcr  1..  giilh.  Mriqil 


....^..  pmxnniil.  diHEonal,  and  mpta- 
JiilirU..  Jfal.  xxi.  1894,  a  ass.  Fig.  8.) 


merus  is  the  long  head  of  the  biceps,  which  comes  from  the 
stratum  ventrule  derived  from  the  fifth  and  sixth  cervical  myo- 
meres.    Even  this  is  not  connected  with  the  ventral  sarfaoe  of 
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the  axial  blastema,  but  lies  instead  in  the  bicipital  groove  (sul- 
cus intertubercularis),  a  fact  which  Bolk  looks  upon  as  evidence 
that  the  ventral  mass  of  the  axial  blastema  has  in  this  region 
not  been  differentiated.  Despite  the  fact  that  the  sclerozones 
longitudinally  considered  take  a  tortuous  course  down  the  hu- 


Fio.  139. — Six  transverei*  sections  throuKh  a  right  upper  arm,  I- VI,  at  the  differ- 
ent levels  indieatiKl  in  the  longitudinal  view  of  the  humerus.  The  relation 
of  the  (dark)  ventroplanum  to  the  (colorlesw)  dorsoplanum,  aH  well  as  the 
position  of  the  4-6  cervical  sclerozones,  are  illustrated.  (After  L.  Bolk, 
Morphol.  Jahrb.,  Leipz.,  IM.  xxiii,  1895,  S.  401,  Fig.  4.) 


merus,  they  are  reciprocally  regularly  arranged,  as  the  cross 
sections  of  Fig.  139  show.  That  the  ventral  and  dorsal  muscu- 
lature, even  in  the  adult,  form  two  sharply  separable  groups, 
and  that  in  each  of  these  groups  the  primitive  segmental 
arrangement  is  discoverable,  will  be  clear  from  a  study  of  Figs. 
140  to  142. 

The  most  wonderful,  however,  of  all  the  mechanical  factors 
concerned  in  the  development  of  the  nervous  system  would  seem 
to  be  those  which,  according  to  the  ingenious  hypotheses  of 


212 


THE  NEUVOUS  SYSTEM. 


His,  are  connected  with  the  marginal  veil.  It  is  almost  like  a 
fairy  tale  to  be  told  that  the  direction  of  many  millions  of 
white  fibres  within  the  central  nervous  system  during  develop- 
ment depends  upon  simple  obstructions  olTered  at  the  proper 
time  and  in  the  right  degree  to  the  outgrowing  processes  of 
the  neuroblasts.  We  have  seen  the  long  distances  which 
certain  of  the  a.xones  have  to  travel  from  their  cells  of  origin 
in  order  to  reach  tlie  cell  bodies  and  dendrites  of  the  other 
neurones  which  they  have  to  influence,  some  of  the  axones  of 
the  fibres  of  the  pyramidal  tract,  for  instance,  having  to  extend 


Flo.  140. — TniiiHi  iTM-  iHi-tiiiii  thniuRb  the  iiiiiM'ulHtun- of  tlic  KhouMer  and  cheHt. 
Tlu-  lutivy  lUrk  lino  iiiilimliiH  tlip  limit  In'tnii'ii  vcutral  and  donal  deriva- 
tiviit  >it  llic  niyoinctvs.    Tlie  oUict  linni  kIhiw  tiic  limitH  of  the  pmdocta  «f 
tiw  4th-0th  iiTvi<i>-tli<mu-<r  niyumcrcH.    (Afti-r  L.  Bulk,  Haipfaal.  J«hrb 
Ix'ijiz.,  Itil.  sxiil,  iwe.  S.  40S.  FiK.  10) 

from  the  gyri  centniles  to  the  lumbar  region  of  the  spinal  cord. 
We  have  also  noted  the  manifold  metamorphoses  passed  through 
in  some  localities  at  several  periods  of  development.  And  when 
one  recalls  these  distances  and  complications,  even  when  less- 
ened and  simplified  by  looking  through  the  large  end  of  the 
telescope  of  embryology,  it  seems  almost  inconceivable  that 
mechaniral  factors  alone  should  so  direct  the  inherent  activi- 
ties of  the  growing  tissues  us  to  ultimately  give  rise  to  adalt 
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Btnicturea  which,  when  examined  with   high   powers   of  the 
microscope  in  the  corresponding  parts  in  two  different  indi- 


Fio.  HI.— Tnin»v. 


viduals,  are  scarcely  distinguishable  Especially  dumbfounding 
is  it  to  be  told  that  the  same  developmental  factors  hold  in  the 
conrolutions  of  the  cerebrum ;  in  that  portion  of  man's  nervous 


Fia.  142.— Trans 


system  which  we  believe  to  be  functionally  concerned  in  his 
mental  processes ;  and  particularly  when  we  reflect  that  both 
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the  bodily  and  mental  characteristics  of  the  individual  are 
hereditarily  transmissible.  As  His  finely  puts  it  (the  trans- 
lation is  free) :  "  It  is  exactly  in  these  last  considerations  that 
the  key  for  the  correct  understanding  of  the  special  relations 
is  to  be  sought.  Like  every  other  organic  formation  process, 
the  origin  of  one's  body  and  of  its  nervous  system  appears 
as  the  expression  of  a  life  process  in  course  of  progress  {im 
Gang  bejindlichen  Lebensprocess),  The  beginning  of  the  pro- 
cess we  do  not  know,  for  since  time  immemorial  it  has  been 
striding  forward,  periodically  producing  new  individuals  and 
again  destroying  them.  Each  individual  life  is  only  a  partici- 
pating member  of  the  life  of  its  generation  series,  comparable 
to  a  single  one  of  the  waves  resulting  from  the  propagation  of 
one  wave  over  wide  surfaces  of  the  sea.  Advancing  from  one 
member  to  another,  the  life  of  the  generation  passes  through 
phases  of  the  greatest  simplicity  in  order  to  elevate  itself  again 
to  summits  of  the  greatest  total  energy.  In  those  phases  of 
the  transference  of  life  from  member  to  member,  the  mass  serv- 
ing as  the  bearer  of  it  sinks  to  a  minimum.  An  imponderable 
amount  of  material  suffices  to  carry  over  the  life  in  a  strictly 
regular  way.  And  while  life  is  a  periodical  process  there  is  an 
all-pervading  law  which  commands  all  its  component  processes 
and  their  internal  connection.  In  such  a  mechanism  one  pro- 
cess goes  over  into  another ;  each  appears  at  a  given  time  as  a 
definite  sequence  of  processes  which  have  gone  before,  and  at 
the  same  time  as  the  necessary  determinant  of  processes  which 
shall  come  after.  And  even  where  processes  of  apparently  dif- 
ferent origin  and  significance  reciprocally  influence  one  another, 
yet  they  all  act  at  the  place  assigned  to  them  by  the  general 
law,  and  do  no  more  and  no  less  than  is  ordered." 

It  is  now  necessary  to  hasten  on  to  the  consideration  of  the 
neurone  as  the  unit  in  physiological  and  pathological  processes. 


SECTION  V. 

THE  NEURONE  AS  THE  UNIT  IN  PHYSIOLOGICAL  AND 

PATHOLOGICAL  PROCESSES. 


CHAPTER   XIX. 

INTRODUCTORY. 

The  cell  doctrine  and  the  nervous  system — Physiology  of  the  neurones — The 
metabolisiu  and  nutrition  of  neurones — Effect  of  alteration  in  blood 
supply — The  food  $tii{fs  and  excretory  products  of  neurones — Constancy 
of  function  ilespite  continual  change. 

Forty  years  have  passed  since  Virchow,  in  his  Cellular 
Pathology,*  gave  expression  to  the  conviction  that  every  ani- 
mal appears  as  a  sum  of  vital  units,  each  of  which  exhibits 
in  itself  all  the  characteristics  belonging  to  life.  It  was  his 
belief  that  the  character  and  the  unity  of  life  are  referable  not 
to  any  single  locality  of  a  higher  organization — for  example,  to 
the  brain  of  man — but  rather  to  the  definite  constantly  recur- 
ring arrangement  {Einrichtung)  which  every  single  element 
bears  within  itself.  According  to  this  view,  the  composition 
of  a  larger  body,  of  the  so-called  individual,  always  depends 
upon  a  social  arrangement ;  it  represents,  in  fact,  a  social 
organism,  in  which  there  is  a  mass  of  single  existences  related 
to  one  another  in  such  a  way  that  every  element  has  its  own 
special  activity,  and  each,  even  when  incited  to  activity  by 
other  parts,  does  its  work  of  itself.  While  this  concept,  which 
led  to  a  revolution  in  the  prevailing  ideas  regarding  pathol- 
ogy, was  accepted  for  the  body  in  general,  its  application  to 
the  nervous  system,  and  especially  to  the  brain,  was  for  a  long 
time  very  little  emphasized  and  only  recognized  in  a  vague 
sort  of  way.     And  indeed  this  can  hardly  be  matter  of  sur- 

•  Virchow,  R.  Die  Cellularpathologie  in  ihrer  BegrQndung  auf  physio- 
logische  nnd  pathologische  Gewebelebre.  Zwanzig  Vorlesungen.,  ivi,  pp. 
440,  8vo,  Berl..  1858. 
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prise  when  we  consider  the  crudeness  of  knowledge  at  that 
time  of  the  structures  concerned.  But  with  the  establishment 
of  the  neurone  concept  of  the  nervous  system  the  importance 
and  applicability  of  such  a  view  of  its  constituent  organs  can 
be  more  fully  appreciated.  Only  after  it  had  been  clearly  shown 
that  the  nervous  system,  like  all  other  tissues,  consists  of  ele- 
ments more  or  less  isolated  and  independent,  and  connected 
directly  with  one  another  apparently  only  by  contact,  con- 
crescence, or  protoplasmic  bridges,  and  after  we  had  learned  to 
recognize  the  different  structures  which  belong  to  the  single 
elements,  could  the  study  of  the  functional  units  in  the  nervous 
system  be  satisfactorily  approached. 

An  extensive  series  of  physiological  and  pathological  data 
concerning  nerve  cells  and  nerve  fibres  has  been  accumulated. 
Many  of  these  data  appear  to  be  discordant  or  even  actually 
contradictory.  It  will  be  of  interest  to  consider  briefly  how 
some  of  them  appear  when  regarded  from  our  new  visual  angle, 
and  to  see  in  how  far  the  new  doctrine  has  brought  into  agree- 
ment results  which  were  formerly  adduced  on  both  sides  in 
support  of  conflicting  views. 

In  a  systematic  description  of  the  physiology  of  the  neu- 
rones it  would  be  necessary  to  consider  not  only  the  functions 
which  they  possess  in  common  with  all  cells,  including  such 
fundamental  phenomena  as  those  of  metabolism  and  reproduc- 
tion, but  also  those  which  are  peculiar  to  neurones  in  general 
and  to  neurones  in  particular.  The  facts  already  collected 
bearing  on  these  points,  if  adequately  discussed,  would  denuind 
the  space  of  a  volume  of  considerable  size,  although  they  repre- 
sent but  an  infinitesimal  amount  of  knowledge  compared  with 
that  which  is  still  needed  to  explain  all  the  complicated  mani- 
festations of  the  various  parts  of  the  nervous  mechanism  of 
mammals.  I  shall  bring  forward  at  this  time  only  a  few  of  the 
physiological  and  pathological  considerations  which  seem  to  be 
of  especial  importance  in  relation  to  the  morphological  charac- 
teristics previously  outlined.  It  will  be  most  convenient  to 
divide  these  into  three  classes:  (1)  Those  bearing  upon  the 
metabolism  of  the  neurones,  (2)  those  concerning  the  phenom- 
ena of  irritability  as  manifested  by  the  neurones,  and  (3)  those 
referring  to  the  interdependence  of  the  trophic  fimction  and 
the  manifestations  of  irritability.  From  a  discussion  of  these 
it  will  be  found  that  the  physiological  independence  of  the 
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neurone  is  as  marked  a  feature  as  might  have  been  expected 
from  our  knowledge  of  its  morphology. 

The  Metabolism  and  yutrilion  of  Neurones. — To  the  study 
of  the  nutritive  processes  in  neurones  or  their  metabolism — 
anabolic  and  cataboHc — attaches  a  high  degree  of  interest, 
although  the  subject  is  attended  with  great  difficultiea.  Like 
all  other  cells  of  the  body,  the  living  neurones  take  up  food 
materials  into  their  substance,  transform  them,  and  gradually 
build  them  up  through  a  series  of  synthetic  processes  into 
highly  complex  and  extremely  labile  chemical  compounds, 
which,  in  turn,  undergo  a  series  of  decomposition  reactions 
which  culminate  finally  in  the  formation  of  more  or  less  simple 
bodies,  which  we  recognize  as  the  excretory  products  of  neurone 
metabolism.  There  is  every  reason  to  believe  that  in  these 
various  modifications  of  chemical  materials  by  means  of  which 
the  potential  energy  of  the  food  is  transformed  into  the  kinetic 
energy  which  gives  rise  to  what  are  called  the  *'  vital "  manU 
festations  of  the  neurones,  chemical  compounds  come  into 
existence,  in  some  of  the  neurones  at  least,  of  a  degree  of  com- 
plexity scarcely  approached  elsewhere  on  this  planet,  and  before 
the  nature  of  which  the  most  advanced  organic  chemist  stands 
utterly  powerless  and  despondent.  It  is  in  the  nervous  system 
of  all  parts  of  the  human  body  that  the  delicacy  and  complex- 
ity of  the  chemistry  of  metabolism  are  most  in  evidence.  It  is 
there  that  we  find  the  best  examples  of  the  extreme  instability 
of  the  "  living  "  substances,  in  that  the  slightest  influence  will 
often  suflice  to  bring  about  remarkable  transformations  and 
extensive  functional  manifestations  in  the  cells.  To  qnote 
from  Pfiueger :  "  What  infinitesimally  small  active  forces  acting 
in  B  ray  of  light  call  forth  the  most  powerful  effects  in  the 
retina  and  in  the  brain  !  How  entirely  minimal  are  the  active 
forces  of  the  nerves ;  what  wonderfully  minute  quantities  of  cer- 
tain poisons  suffice  to  completely  destroy  a  large  living  animal ! " 

The  dependence  of  the  neurones  upon  nutritive  influences 
is  well  shown  in  certain  circulatory  disturbances.  When  the 
nutrition  of  the  brain  falls  below  a  certain  minimum  the 
mental  capacities  become  clouded  or  may  even  vanish.  In 
fainting,  we  have  the  proof  that  without  an  adequate  supply  of 
oxygenated  blood  complete  consciousness  can  not  be  maintained 
even  for  a  second.  The  blood  supply  to  the  nervous  system  is 
extremely  well  provided  for  by  the  circulatory  apparatus  of  the 
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l)rain  and  spinal  cord,  though  there  would  appear  to  be  a  grave 
imperfection  in  the  arrangement  of  the  arterial  system  which 
terminates  in  the  so-called  end  arteries,  so  that  the  blocking  of 
a  single  one  leads  inevitably  to  the  death  of  the  territory  snp. 
plied  by  it. 

As  to  the  nature  of  the  substances  which  represent  the  raw 
food  stuffs  of  the  neurones,  we  h^ve  as  yet  but  little  definite 
information.  While  ultimately  the  substances  taken  up  as  food 
stuff  by  the  neurones  must  be  derived  from  the  general  food 
ingested  by  the  individual,  this  must  undoubtedly  have  under- 
gone most  marked  alterations  before  being  presented  to  the 
nerve  cells  in  the  blood  and  lymph  as  material  suitable  for 
their  sustenance.  There  is  considerable  evidence  that  some  of 
the  material  at  least  must  have  already  played  a  part  in  the 
metabolism  of  other  organs,  and,  in  a  sense,  as  their  excreta 
have  first  been  rendered  suitable  for  use  by  the  nerve  cells. 
The  physiological  law  formulated  so  long  ago,  accredited  to 
Treviranus,  is  probably  as  true  for  the  nervous  system  as  for 
the  other  organs  of  the  body.  A  possible  example  of  this  is 
seen  in  tlie  thyreoid  metabolism ;  in  the  absence  of  substances 
in  the  body  derived  from  the  thyreoid  gland,  the  nervous  sys- 
tem undergoes  very  important  and  serious  metabolic  modifica- 
tions evidenced  by  the  remarkable  nervous  and  mental  phenom- 
ena with  which  all  are  now  familiar.  On  restoring  these 
substances  to  the  body  by  the  administration  of  a  thyreoid 
extract  the  symptoms  may  sometimes  be  made  to  disappear.* 
It  is  likely,  however,  that  the  neurones  find  their  staple  foods 
in  the  main  nutritive  constituents  of  the  blood  as  derived  from 
the  food  digested  in  the  stomach  and  intestines  and  purified  by 
the  lymph  glands  and  liver.  That  the  stainable  substance  of 
Nissl  may  represent  deutoplasm — the  contents  of  the  larders  of 
the  nerve  cell — is  not  at  all  improbable,  inasmuch  as  Held  f  and 
Macallum  have  pointed  out  that  they  yield  the  reactions  char- 
acteristic of  the  nucleo-albumins. 


♦  This  assumption  does  not,  of  course,  exclude  the  possibilitj  that  the 
relation  of  the  thyreoid  to  the  nervous  system  may  consist  in  the  destruction 
or  neutralization  by  the  products  of  the  former  of  a  substance  or  series  of 
substances  which  arc  inimical  to  the  latter.  In  any  event  the  distarbanoes 
in  the  neurones  must  be  thought  of  as  metabolic  in  character. 

t  This  writer  terms  them  the  "rolling  stock"  {BetriebsmcUeriat)  of  the 
Tierve  cells. 
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There  can  be  but  little  doubt  that  the  individnal  neurones 
select  from  the  blood  or  lymph  quantities  and  varietieB  of  food 
Btuffs  corresponding  to  their  individual  needs,  and  it  is  Btill 
more  certain  that  the  constructive  metaboliBm  in  one  neurone 
or  set  of  nearoues  varies  from  that  in  another  within  certain 
limits  which,  though  perhaps  usually  narrow,  io  some  instanceB 
must  be  tolerably  wide,  failing  this,  it  would  be  impossible  to 
understand,  even  with  varying  correlations,  the  different  func- 
tional manifestations  of  which  the  individual  neurones  and 
groups  of  neurones  in  different  parts  of  the  nervous  system  are 
capable. 

One  striking  feature  in  neurone  metabolism  is  particularly 
to  be  noted.  With  chemical  processes  ever  in  progress,  with 
syntheses  and  decomposition  reactions  going  on  all  the  time, 
the  one  set  of  reactions  predominating  perhaps  at  one  moment, 
the  second  at  another,  both  classes  of  changes  occurring  now 
with  great  rapidity  and  again  with  comparative  slowness,  but 
in  any  case  always  continuously — with  all  this  "  perpetual  flux  " 
— a  certain  constancy  of  structure  and  function  is  maintained. 
The  best  evidence,  perhaps,  of  this  physiological  constancy, 
notwithstanding  continual  change  (Dauer  im  Wechsel),  is  to  be 
found  in  the  consideration  of  the  phenomena  of  memory.  We 
now  know  that  when  certain  cells  are  destroyed  by  disease  or 
removed  by  the  knife  of  the  surgeon,  the  capacity  for  calling 
up  certain  memory  pictures  is  lost.  Certain  psychical  elements 
or  constituents  which  had  faded  from  consciousnesB,  but  could 
be  reinstated  by  secondary  suggestion  before  the  cells  were 
destroyed  or  removed,  can  afterward  be  no  longer  revived. 
This  fact  would  almost  justify  us  in  believing  that  the  "  mem- 
ory traces"  are  in  some  way  or  another  laid  down  in  the 
neurones,  and  are  actually  organically  connected  with  them. 
These  neurones  with  whicli  the  memory  traces  are  in  some  way 
associated  are  continuously  undergoing  the  metabolic  changes, 
such  as  have  just  been  described,  and  the  wonder  is  not  that  we 
have  such  poor  memories,  but  that  they  are  as  good  as  we  find 
them  to  be.  Far  from  being  surprised  that  the  reproduction 
of  past  experiences  in  consciousness  is  occasionally  unfaithful, 
we  can  only  wonder  how  it  can  reach  the  degree  of  accuracy 
with  which  we  are  familiar. 

While  emphasizing  the  maintenance  of  a  certain  constancy 
of  function,  and  consequently  of  structure,  despite  the  unend- 
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ing  chemical  alterations  going  on,  we  must  admit  that  the 
metabolism  in  no  individual  is  perfectly  constant.  This  is 
shown  in  the  first  place,  should  illustration  of  what  is  so  ob- 
vious be  demanded,  under  normal  conditions  in  the  gradual 
increase  and  development  of  the  faculties  of  the  nervous  system 
in  early  and  middle  life,  and  in  their  gradual  decay  as  the  end 
is  approached.  Again,  taking  memory  once  more  for  an  ex- 
ample, it  is  probable  that  no  reproduction  of  past  experience  is 
absolutely  accurate,  nor  is  the  attempt  to  recall  one  and  the 
same  experience  on  two  different  occasions  attended  by  the  ap- 
pearance in  consciousness  of  exactly  the  same  mental  picture. 
Even  when  the  focal  constituents  in  consciousness  are  almost 
or  precisely  the  same,  the  marginal  setting  of  so-called  "  sub- 
conscious "  elements  may  be  at  the  two  times  entirely  diflferent. 
There  is  always  more  or  less  variation,  the  differences  being 
often,  perhaps,  scarcely  recognizable,  but  none  the  less  existing.^ 
A  whole  array  of  evidence  could  be  brought  forward  demon- 
strating functional  alterations  dependent  upon  disturbances  of 

*  This  idea  had  not  its  birth  with  modern  physiologists,  for  did  not  the 
wise  Diotima  of  Mantinea  tell  it  long  ago  to  Socrates  f  Let  me  quote  from 
The  Symposium  of  Plato  (Jowett's  translation) : 

**  For  even  in  the  same  individual  there  is  succession  and  not  abac] ate 
unity ;  a  man  is  called  the  same ;  but  yet  in  the  short  interval  which  elapses 
between  youth  and  age.  and  in  which  every  animal  is  said  to  have  life  and 
identity,  he  is  undergoing  a  perpetual  process  of  loss  and  reparation — ^hair, 
flesh,  bones,  blocxl,  and  the  whole  body  are  always  changing.  And  this  is 
true  not  only  of  the  body  but  also  of  the  soul,  whose  habits,  tempers,  opin- 
ions, desires,  pleasures,  pains,  fears,  never  remain  the  same  in  any  one  of 
us,  but  are  always  coming  and  going.  And  what  is  yet  more  surprising  is, 
that  this  is  also  true  of  knowledge;  and  not  only  does  knowledge  in  genend 
come  and  go,  so  that  in  this  respect  we  are  never  the  same,  but  particular 
knowledge  also  experiences  a  like  change.  For  what  is  implied  in  the  word 
*  recollection '  but  the  departure  of  knowledge,  which  is  ever  being  forgotten, 
and  is  renewed  and  preserved  by  recollection,  appearing  to  be  the  same 
although  in  reality  new,  according  to  that  law  of  succession  by  which  all 
mortal  things  are  preserved,  not  by  absolute  sameness  of  existence,  but  by 
substitution,  the  old  worn-out  mortality  leaving  another  new  and  similar  one 
behind — unlike  the  immortal  in  this,  which  is  always  the  same  and  not 
another.  And  in  this  way,  Socrates,  the  mortal  body,  or  mortal  anything, 
partakes  of  immortality;  Vnit  the  immortal  in  another  way.  Idarvel  not, 
then,  at  the  love  which  all  men  have  of  their  offspring,  for  that  universal 
love  and  interest  is  for  the  sake  of  immortality."  The  germ  of  the  idea  is 
also  recognizable  in  the  speculations  of  Ileraelitus,  and  possibly  in  those  of 
Anaximander. 
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neurone  metabolism  through  deprivation  of  nutriment,  the 
action  of  toxic  agents,  and  other  pathological  influences.  But 
even  in  these  abnormal  states  it  is  the  constancy  of  the  func- 
tion which  impresses  us  most ;  the  fact  tliat,  given  a  nervous 
system  made  up  of  a  certain  set  of  neurones,  the  activities  in- 
herent in  them  must  necessarily  lead  to  the  manifestations  of 
certain  definite  functional  characteristics,  the  alterations  capa- 
ble of  occurring  under  changes  of  environment,*  internal  and 
external,  normal  and  pathological,  being  compressed  within 
certain  rather  narrow  limits,  limits  which  grow  more  and  more 
restricted  apparently  with  the  increase  of  the  age  of  the  indi- 
vidual, t 

The  astronomer,  supplied  with  certain  data  concerning  the 
speed  and  direction  of  a  given  planet  controlled  in  its  motion 
by  the  attraction  of  definite  forces,  can  predict  with  precision 
the  position  it  will  occupy  at  a  given  moment  in  the  future. 
The  botanist,  informed  of  the  species  to  which  a  given  vege- 
table organism  belongs,  can  foretell  with  tolerable  accuracy 
what  its  behavior  will  be  under  given  conditions  of  soil  and 
climate.  Were  it  permissible  to  introduce  here  an  opinion,  I 
should  not  hesitate  to  say  that  I  am  convinced  that  the  laws 
underlying  neurone  metabolism  X  tire  just  as  fixed  and  constant 
as  are  those  of  astronomy  and  botany,  and  that  I  can  conceive 
of  a  knowledge  of  their  nature  and  action  which  would  enable 
one  possessed  of  it  to  prophesy  unerringly  of  the  functional  mani- 
festations of  a  nervous  system  made  up  of  a  given  set  of  neu- 
rones which  must  result  upon  exposure  to  a  given  environment, 

*  In  this  connection  the  art[c)cs  of  Driesch,  Herbst,  and  Loeb  upon  the 
effect  ot  environment  upon  development  niny  be  read  with  profit.  External 
stimuli  can  and  undoubtedly  do  esercise  an  important  influence  upon  de- 
velopment, but  the  character  ot  the  response  is  determined  by  the  inherited 
organization. 

'f  If  the  convicllon  expressed  in  the  text  be  well  founded,  then,  broadly 
speaking,  n*  hit  neurones  are.  go  Ike  man  is.  In  this  sense,  Goethe's  words, 
in  the  mouth  of  Mephistopheles.  can  be  made  to  bear  a  new  and  almost  pro- 
phetic sign  iflcance : 

"  Du  bist  am  Ende — was  Du  bist. 

Setz  Dir  PerrDcken  aut  von  Millionen  Locken, 
Seta  Dcinen  Fuss  auf  ellenhohe  Soekeii, 
Du  bleibst  doch  immer.  vas  Du  bisl." 
t  The  same  remark  has  already  been  made  regarding  sociology  in  Social 
Rights  and  Duties,  by  Leslie  Stephen. 
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That  the  neurologist  is  almost  infinitely  distant  from  any  ap- 
proximation to  such  astronomical  accuracy  with  regard  to  the 
nervous  system  it  is  needless  to  remark.  That  he  may  never 
attain  to  such  omniscience  is  altogether  prohable.  But  the 
fact  that  he  has  already  learned  that  in  the  nervous  system 
certain  causes  are  followed  by  certain  definite  effects  almost 
with  mathematical  accuracy  should  encourage  and  stimulate 
him  to  further  research  with  the  hope  that  the  intricate  laws 
in  question  may  gradually  be  rendered  less  obscure  and  vague. 


CHAPTER  XX. 

OS   THE    DEOENERATIOS    AND    REHEKERATIOK    OF   NEURONES. 

Changes  which  occur  in  s  part  sercred  tram  Che  rest  of  the  neurone — Wal- 
lerian  degoneralion — Tflrck'a  degeneration — Effect  on  the  whole  neu- 
rone of  injury  to  one  or  more  parts  of  it— Changes  following  amputations 
— Experiments  of  v.  Gudden.  Forel,  and  others — Application  of  method 
of  Marchi  to  the  study  of  the  central  stump  of  a  divided  nerve — Studie!> 
of  Nissl  on  changes  in  the  cell  bodies  of  neurones  after  section  of  their 
axones — Effects  of  injuries  to  dendrites— Studies  of  Warrington  and 
others — Effects  of  injuries  to  the  cell  bodies  of  the  neurones — Changes 
in  lumbar  cord  after  ligation  of  abdominal  aorta — Experimental  pro- 
duction of  secon<1arr  degenerations — Value  of  the  method  of  Marchi 
and  the  method  of  Nissl  for  pathological  studies — The  neurone  as  a 
wbole  a  trophic  unit — Regeneration  of  nerve  fibres  and  nerve  cells. 

As  regards  the  trophic  relations  of  the  neuronea,  it  may 
without  further  preamble  he  asked  (1)  How  far  is  the  nutri- 
tion of  the  individual  portions  of  a  neurone  affected  by  an 
interruption  of  their  contiection  with  the  rest  of  the  neurone? 
(3)  How  far,  if  at  all,  does  the  whole  neurone  Buffer  as  a  result 
of  injury  to  any  one  of  these  individual  constituents?  In 
attempting  to  reply  to  both  these  questions  it  will  be  found 
that  we  possess  data  to  draw  upon  which  regard  not  all,  but 
certain  only  of  the  individual  portions  of  the  neurone.  We 
shall  find,  too,  that  an  answer  to  one  question  must  from  the 
nature  of  things  include  a  reply  to  the  other.  That  the  formu- 
lation of  the  two  questions  as  just  adopted  is  not  superfiuous 
will  readily  be  granted,  in  that  the  contemplation  of  the  subject 
from  the  two  different  standpoints  will  help  us  materially  in' 
understanding  the  reciprocal  relations  which  recent  research 
has  demonstrated  to  exist. 

As  long  ago  as  1839,  Xasse*  and  Valentin  \  had  proved  that 

•  Nasse.  Uebcr  die  Verilnderuiigen  der  Nervenfa.'^rn  nncli  ihn^r  Durch- 
schneidung.     Arch.  t.  Anat..  I'hysiol.  u.  wis.sens.-h.  Med..  Berl.  (ISaiJ).  S.  405. 

t  Valentin,  G.  De  functionibus  nervorum  ccrehraliiim  ct  nervi  syni- 
pathici,  libri  quattuor.    4to.    Iformc.  \>m. 
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interruption  of  the  connection  of  peripheral  nerves  with  the 
central  nervous  system  could  lead  to  their  degeneration.    Their 

findings  were  confirmed  by  Stan- 
nius.*  Waller  f  mudc  a  thor- 
ough study  of  the  subject  and 
formulated  the  fundamental  law 
of  the  physiology  and  pathology 
of  the  nerrouB  system  known 
by  his  name.  By  Wallerian  de- 
generation we  understand  the 
changes  which  take  place  in  the 
distal  end  of  a  peripheral  nerve 
after  it  has  been  cut  through. 
The  details  are  familiar  to  every 
medical  student,  the  coagula- 
tive  breaking  up  of  the  myelin 
sheath,  the  dissolution  of  the 
axis  cylinder,  the  neurilemnu 
with  its  nuclei  remaining  for 
some  time  at  least  preserved 
(Fig.  143).  Waller  proved  that 
if  a  motor  nerve  was  severed 
there  resulted  complete  degen- 
eration of  the  fibres  in  the  j)eri- 
phoral  end,  even  to  the  muscles 
Fro.  U3.-Waiirriiiii  iirKiMionition  of    ^^.j^j^.i^  ^hev  govem,  the  central 

iHTvr  lilins  att«T  MTtnm.     /.  nor-  -   p  '  ^^m-i-x 

null  !urv«-  rn»n- :  //  »ii«i  ///.  tihn's    end   rcmamiug    apparently   in- 
.,...»■!„« ..i.r..r..n,.i.«r....,..f.i.K..n.    ^^^.^     As  a  matter  of  fact,  the 

changes  characteristic  of  Wal- 
lerian degeneration  conid  not, 
as  a  rule,  be  traced  farther  in 
the  central  end  than  to  the  first 
node  of  Ranvier.  If  a  sensorv 
nerve  is  cut  through  }>eripheral 
■■/.tr^jVum  there  ensues  (Mmiplete  degeneration  of  the 
-:    i-!   f;ir   as   the   sensory  surfaces  in  which    they 


<nitiiiii :  S  iHMinlriniiiJi :  «i.  iiirdiil- 
|;ir\'  >lH!ith  ;  .1.  axoiir  ;  k\  mu-U'iis 
..f  rittirilriiiiiia  rrll ;  /..  marking  of 
r^inr.  niiaiiii:  A*.  inMlr  of  liimviiT: 
..»/  t\r'»]*^  of  iiiyrlin  :  n,  niiiaiiis  of 
« V..!..  :    «■.    jinilifrnitiiiK    vvWs    of 

..  1-..I  niriiii.  l*:»rtl.v  s<lM'iimtu-. 
.  ■.  ■•   Th..ma.       A    T»xt-Ii«Mik    of 

'...,r,-  :iiiii   hitIn»lo»:iral  Aiiat- 

.'    I    {.   .'»«».'>.  Vin.  3-1'). ) 


.  •-•..  ^tiiiu'»M  iUnT  MuskelivizlMirkcit.    Arch.  f.   Anat., 
\!.-.!  .  1:.tI.  (1M7).  S.  44;{-46'i. 

-  ..n  tbr  SiH'tioii  of  the  Olossopharrngeal  and 

■'•  j:.  hju\  <>l)«iorvations  of  the  Alt emt ions  pri>- 

..f  their  Primitive  Fibres.    London,  Edin- 
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begin.*  It  was  further  shown  by  similar  experiments  that  if  the 
dorsal  root  of  a  spinal  nerve  was  cut  through  at  a  point  between 
the  ganglion  and  the  spinal  cord,  the  portion  of  the  nerve  at- 
tached to  the  ganglion  did  not  undergo  the  typical  degenera- 
tion, while  the  portion  still  connected  with  the  cord  showed  the 
characteristic  degenerative  phenomena,  which  could  be  traced 
throughout  the  whole  course  of  its  constituent  fibres  in  the 
dorsal  funiculi  of  the  cord.  The  cells  of  the  spinal  ganglia  have 
therefore  been  looked  upon  as  trophic  centres  for  the  peripheral 
sensory  nerves  and  their  intramedullary  continuations.  This 
explanation  was  much  simplified  by  the  work  of  His,  who  demon- 
strated that  the  axone  of  the  peripheral  sensory  fibre,  the  spinal 
ganglion  cell,  and  the  axone  of  the  nerve  fibre  of  the  dorsal 
funiculus  all  represented  parts  of  one  and  the  same  cell. 

These  degenerations  in  the  domain  of  the  peripheral  nervous 
system  were  early  shown  to  occur  also  within  the  confines  of 
the  central  nervous  system,  the  secondary  descending  degenera- 
tion of  the  pyramidal  tract  established  by  Tiirck  f  and  the  as- 
cending secondary  degeneration  in  the  spinal  cord  after  trans- 
verse lesion  being  quite  analogous.  We  now  know  that  the 
axis  cylinders  of  the  dorsal  root  fibres,  with  the  exception  of 
the  few  centrifugal  fibres  present  in  them,  are  axones  of  neu- 
rones whose  cell  bodies  are  situated  within  the  spinal  ganglia. 
We  know  that  the  axones  of  the  motor  peripheral  nerves  arise 
from   the  cell  bodies  of  neurones  situated  within  the  ventral 

burgh,  and  Dublin  Philosophical  Magazine,  vol.  xxxvii,  No.  247,  p.  65.  July, 
1850.  Also  in  Philosophical  Transactions  of  the  Royal  Society  of  London, 
ia50,  p.  423,  and  in  the  Edinb.  M.  and  S.  J.,  vol.  Ixxvi  (1851),  pp.  369-376.— 
Sur  la  reproduction  des  nerfs  et  sur  la  structure  et  les  fonctions  des  gan- 
glions spinaux.  Arch.  f.  Anat.,  Physiol,  u.  wissensch.  Med.,  Berl.  (1852),  S. 
392-401 ;  Compt.  rend.  hebd.  des  seances  de  TAcad.  des  sc..  Par.,  t.  xxxiv, 
p.  675. — Nouvellc  mcthode  pour  Tetude  du  systeme  nerveux  applicable  k 
Tinvestigation  de  la  distribution  anatomique  des  cordons  nerveux,  et  au 
diagnostic  des  maladies  du  systeme  ner\'eux,  pendant  la  vieet  apres  la  mort. 
Compt.  rend.  hebd.  des  seances  de  TAcad.  des  sc..  Par.,  t.  xxxiii,  1851,  p.  606. 
— Experience  sur  les  sections  des  nerfs  et  les  alterations.  Compt.  rend.  Soc. 
de  biol..  Par.,  2me  s.,  t.  iii  (1857),  pp.  OS. 

*  This  appears  to  hold  even  for  the  sensory  nerves  connected  with  elab- 
orate end  organs,  such  as  Meissner's  corpuscles,  although  for  a  time  these 
were  thought  to  be  exempt. 

t  Tflrck,  Ludwig.    Ueber  secundRre  Erkrankung  einzelnor  Riiekenmarks- 
strilnge  und  ihrer  Portsetzungen  zum  (ichirne.     Ztschr.  d.  k.-k.  Gesellsch.  d. 
Aerzte  zu  Wien.  (1852),  ii,  511 ;  1853,  ii,  289. 
IG 
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horns  of  the  epinal  cord,  and  that  the  axis  cylinders  of  the 
fibreB  of  the  pyramidal  tract  are  axones  whose  cells  of  origin 
are  situated  in  the  cerebral  cortex.  Converting,  then,  the 
Wallerian  doctrine  into  terms  of  the  neurone  concept,  the  fol- 
loving  general  law  may  he  laid  down :  AVhenever  it  has  suffered 
a   solation    of    con- 


«w 


tinuity  with  a  sever- 
ing of  its  connec- 
tion with  the  cell 
■Frsl  *'***^y  *""*  dendrites 
of  the  nenroDe  to 
which  it  belongs, 
the  azone,  together 
with  the  myelin 
sheath  covering  it, 
undergoes  in  the 
part  distal  to  the 
lesion  acute  and 
complete  degenera- 
tion. This  degen- 
eration includes  not 
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nected  with  it.* 
There  has  grailnully  deTolo[K"l.  tlioreforc,  a  general  belief  that 
what  lire  culled  the  "  nerve  cells  "  represent  trophic  centres  for 
the  nerve  filires  in  frcntTul, 

The  iipplii-iitiim  of  the  Wallerian  di)etrine  has  aided  im- 
mensely in  iiitniveliiig  the  complieated  relations  existing  inside 
the  i-fiilnil  ni-r\i>Hs  system.  Thus,  in  a  transverse  lesion  of 
the  I'linl,  for  the  bunds  of  libres  which  degenerate  in  sections 
above  the  .■'itc  of  the  injiiri-  (Fig.  144).  the  "  trophic  centres** 
i.  ('.,  their  i-ells  (of  orijrinl  ;ir.'  to  U-  sougtit  below  this  level,  and, 
rhr  nrKd,  the  i-ells  of  oriL'iii  for  tniots  which  degenerate  in 
«i'tions  hi-Inw  the  Ii-vfl  iif  injury  (Fig.  1 +5)  must  he  aitnated 
soniewhi-re  abcivi-  thi*  Ifvel. 
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Since  the  time  of  Waller  and  Tiirck  the  histology  of  the 
degeneration  of  nerve  fibres  after  separation  from  their  cells 
of  origin  has  been  studied  by  many — notably  by  Eanvier,* 
Ilotn^n,  I  Howell  and  Hnber,  and  Tooth.}  The  last,  in  the 
interesting  Gulstonian  Lectures  for  1889,  has  reviewed  suc- 
cinctly the  facta  up  to  that  date.  The  studies  of  Ton  Not- 
thaft  *  are  of  especial  value,  in  that  they  have  yielded  definite 
information  concerning  the  state  of  the  nerve  fibres  at  various 
periods  after  the  lesion.  This  investigator  divides  the  changes 
which  occur  in  a  nerve 
after  section  into  two 
stages.  The  first  stage 
includes  those  which  oc. 
cur  during  the  first  three 
days.  These  alterations,  tr- 
which  consist  in  frag-  ' 
mentation  of  the  myelin 
and  of  the  axone  in  the 
first  one  or  two  inter- 
nodes  on  each  side  of  the 
lesion,  are,  Notthaft  be- 
lieves, the  direct  result 
of  the  trauma.  The  true 
Wallerian  degeneration 
(or  the  second  stage)  be- 
gins on  the  second  or 
third  day  in  tlie  fibre 
distal  to  the  lesion,  and  is  the  resnlt  of  severance  of  connection 
with  the  central  end,  and  not  the  direct  result  of  the  trauma. 
The  axone  swells  and  fragments,  and  the  myelin  breaks  up  into 

•  Ranvier,  L.     Lemons  sur  I'bistologie  du  systeine  nerveux,  Psrii*.  1878. 

t  tloinen.  E.  A.  Experimental  lor  Beitrag  ziir  Palhologie  iind  patholo- 
gischen  Anatcimie  des  RDt'kenmarkti  (^pecidl  mit  Hinsicht  auf  die  Becun- 
dftre  Degeneration).  Fortschr.  d.  Jled.,  Berl..  Bd.  iii  (1885),  S,  267-276; 
Contribution  exp^rimentale  i  la  patholo^ie  et  i  ranattimie  pathologique  de 
la  moeile  epini&re.     HeUingfor?  (1885).  pp.  112,  7  pi..  Bto. 

t  Tooth,  Howard  H,  The  Gulstonian  I,ectures  on  Secondary  Degener- 
ations of  the  Spiniil  Cord.  London.  J.  and  A.  C'hiirehill  (1880),  pp.  1-71 ; 
also  in  Brit.  M.  J,.  I.ond.  (1889),  i,  75.1 ;  825:  873. 

*  Notthaft,  A.  T.  Neue  UntersiirhunEcn  iiber  den  Verlaiif  der  Degener- 
ations-und  Regenerationsprncessr  nin  Turloizlen  jieripheren  Xerven.  Ztschr. 
f.  wissensch.  Zool..  lid.  Iv  (1803).  S.  134-188. 


Fio.  14.5.— S(iti"n  i<tiiliii.(l  by  W|.ij 
tliroUKli  the  lumbar  (iird  uf  a  i 
ing  sof'iiiidBr]'  dpp'nenitiHnu  foll<iwmR  com. 
preflBiijii  of  the  cord  at  the  lovel  of  thi-  Heeond 
thorat'ic  sPKrmcnt.  (After  S.  Rnwnheim.) 
Fascifulus  cen'hrospinalis  lateralis  ( F,  a.  I. ) 
id  deftenerntt^.  The  cfIIh  of  origin  ti(  its 
ttiuni'H  are  Hitoated  above  the  leeioii  (in  the 
cerebral  curtex). 
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droplets  along  the  whole  length  of  the  nerve.  Multiplication  of 
the  nuclei  of  the  neurilemma  is  evident  at  the  fourth  day.  At 
the  sixth  or  seventh  day  liquefa<;tion  of  the  myelin  commeneeAt, 
and  this  continues  until  the  sixtieth  or  eightieth  day,  by  which 
time  all  the  myelin  has  been  liquefied  and  a  large  part  of  it  has 
been  absorbed.  After  three  or  four  months  the  m^-elin  has 
entirely  disappeared. 

During  the  secondary  degeneration  of  the  white  fibres 
within  the  central  nervous  system  there  is  a  proliferation  of 
the  neuroglia.  The  multiplication  of  the  neuroglia  cells  begins 
in  the  white  matter,  according  to  Ceni,*  some  forty-five  or  fifty 
days  after  the  lesion.  The  neuroglia  cells  cease  to  multiply  at 
about  the  hundredth  day,  after  which  there  is  a  gradual  disap- 
pearance of  neuroglia  nuclei  with  gradually  progressing  scle^ 
rotic  change. 

Owing  to  the  shortness  of  the  dendrites  (unless  we  look 
upon  the  peripheral  sensory  fibre  as  a  dendrite),  we  possess  no 
exact  studies  concerning  their  fate  when  severed  from  the  cell 
bodies  of  the  neurones  to  which  they  belong,  but  we  have  every 
reason  to  believe  that  they  would  undergo  speedy  and  complete 
degeneration. 

Viewing  now  the  question  from  the  other  side,  let  us  ex- 
amine and  see  in  how  far  the  injur}'  to  one  portion  affects  the 
nutrition  of  the  whole  of  the  rest  of  the  neurone.  The  study 
of  portions  of  the  nervous  systems  from  individuals  who  had 
died  a  certain  length  of  time  after  amputation  of  an  extremity 
soon  atforded  data  which  apparently  stood  in  direct  contra- 
diction to  the  doctrine  of  the  trophic  centres  as  formulated  by 
Waller.  For,  while  Waller  demonstrated  the  complete  degen- 
eration of  the  portion  of  the  nerve  fibre  disconnected  with  the 
trophic  centre,  he  maintained  the  integrity  of  that  portion  of 
the  fibre  left  in  connection  with  it.  f 


♦CVni,  ('.  Sur  lt»s  fines  alterations  histolofficiuea  de  la  moelle  6pinikre 
dans  les  degenerescencos  socondaircs  ascendantes  et  descendantes.  [Abstr.] 
Arch.  ilal.  de  biol.,  Turin,  t.  xxvi  (189(>-'97),  pp.  97-111 ;  also  in  Aitsh.  per  le 
sc.  med.,  XX,  Toriin.  (ls06).  i)p.  131-194. 

t  This  Si'eined  to  aoc-ord  well  with  the  well-known  fact  that  some  of  the 
sensory  nerves  proximal  to  the  lesion  are  capable  of  functioning  for  some 
time  after  amputati«)n,  ]»nxlucing  sensations  whieh  often  may  give  rise  tone 
little  mental  disturbance  and  alarm  on  the  part  of  the  patient,  aince  irrita- 
tion occurring  in  the  course  of  a  sensory  nerve  tlbre  is  attributed  in  con- 
sciousness to  stimulation  of  the  sensory  surface  from  which  it  has  been  io 
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As  early  as  1829  Berard*  had  noticed  that  in  the  spinal 
nerves  supplying  a  limb  amputated  some  time  before,  there  was 
at  autopsy  distinct  atrophy  of  the  ventral  roots.  Vulpian, 
Cruveilhier,  Ilayem  and  Gilbert,  Dickinson,  Friedlaender  and 
Krause,  Homen,  Vanlair,  Grigorielf,  and  many  other  investi- 
gators busied  themselves  with  the  subject,  and  came  to  conclu- 
sions which  were  often  at  variance  owing,  as  has  been  shown  by 
Marinesco,t  to  the  fact  that  the  authors  studied  and  described 
different  phases  of  the  alterations.  Marinesco  convinced  him- 
self that  after  amputation  of  a  limb,  or  after  section  of  a  pe- 
ripheral nerve,  there  occur  in  the  central  part  definite  patho- 
logical changes,  the  intensity  of  which  depends  upon  the 
species,  and  especially  upon  the  age  of  the  animal  and  upon 
the  length  of  time  intervening  between  the  injury  and  death. 
The  younger  the  individual  at  the  time  of  the  amputation  and 
the  longer  the  time  elapsing  between  the  operation  and  death, 
the  more  marked  are  the  alterations.  The  degeneration  in  the 
central  stump  of  the  divided  nerve,  although  it  appears  much 
later  than  that  in  the  distal  portion,  presents  similar  morpho- 
logical appearances  and  is  apparently  an  analogous  process, 
although — and  herein  lies  the  vulnerable  point  of  the  Wallerian 
doctrine — the  central  end  still  maintains  its  continuity  with 
the  "trophic  centre."  Not  only  do  the  sensory  fibres  distal 
from  the  spinal  ganglia  degenerate,  but  after  a  time  large 
numbers  of  fibres  in  the  dorsal  roots  proximal  to  the  ganglia 
and  their  corresponding  fibres  with  their  collaterals  and  ter- 

the  habit  of  conducting   impulses.      The  superstition   referred  to  in   the 

old  play — 

'*  Still  in  his  dead  hand  clinched  remain  the  strings 
That  thrill  his  father's  heart— e'en  as  the  limb 
Lopped  off  and  laid  in  grave,  retains,  they  t«ll  us. 
Strange  commerce  with  the  mutilated  stump 
Whose  nerves  are  twinging  still  in  maimed  existence  " — 

is  not  yet  obsolete,  as  any  one  familiar  with  many  of  the  rural  districts  of 
this  country  can  testify.  S.  Weir  Mitchell  has  given  an  interesting  account  of 
some  of  the  sensations  described  as  coming  from  the  lost  limbs  in  his  mono- 
graph. Injuries  of  Nerves,  and  their  Consequences,  8vo,  Philadelphia,  1872. 

♦  Berard.  Bull.  Soc.  anat.  de  Par.,  quatrifeme  annee.  Bulletin  No.  3,  mai, 
1829,  deuxi^me  ^ition  (1846),  p.  54. 

t  Marinesco,  G.  Ueber  VerSnderungen  der  Nerven  und  des  Ruckenmarks 
nach  Amputationen ;  ein  Beitrag  zur  Nerventrophik.  Neurol.  Centralbl., 
Leipz.,  Bd.  xi  (1892),  S.  463 ;  505 ;  564. 
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miimlB  in  the  dorsal  funiculi  of  the  oord  undergo  pathological 
changes  and  totally  disappear.  The  motor  fibres  of  the  central 
stump  gradually  diminish  in  number;  in  some  instancea  they 
appear  to  vanish  almost  totally,  and  a  large  number  of  the 
motor  cells  of  the  ventral  horns  dwindle  in  size  (Fig.  14ti),  and 


Fio.  1411. — Siidnn  llinniKh  liiinun  sniiuil  ronl  in  tlir  up|HrUiniucic  region  shnw- 
iiui  iiiiirkiil  iitmiiliy  dT  riKlit  half  (if  ninl  fiilliin-inti  ■inuiitBlluti  of  right  ami 
lAflcrO.  Mimiii'Mii.    Ni^unil.  (Viitiii1li1..L('i|iE.,  Ihl.  xi  IIWS).  8.  SOB,  Pic.  1.': 


i.iiicr  ().  Miiriiiunii.    ni^unii.  i.\„„., .^  .,.».,  .—.  ~.  .  ..r^,. ..-.  ^ ,  .  .„.  ... 

TIhi  vciitntl  himi  Is  niptK-iBlljr  atnifihlnl,  an  mhImi  thi-  Tiuicli'uluii  r-uiicatiu  in 
hII  1I»  inrtH.  Tin-  ruM'iriiliiM  ftniriliH  ir>  i*  intact.  The  Htr<>]>b7  iif  tfai^  i-db> 
111  KTinip!'  H  iinil  b  JH  vi-ry  fviili'iit. 

may  afti>r  a  time  be  artually  lost.  Tlie  spinal  ganglion  cells  do 
not  show  gross  alterations  for  some  time  after  both  peripheral 
or  distal  fibres  have  degenerated  (Priedlander  and  Kranse, 
Ilomen,  Vanlair,  Marinesi-o),  u  finding  which  denotes  that  their 
trophic  mechanisms  differ  in  some  way  from  those  which  are 
concerned  in  the  nntrition  of  the  cells  of  the  ventral  boms.  I 
have  thought  that  this  may  depend  upon  the  posseaaion  by  the 
spinal  ganglion  cells  of  a  cellular  capsule."     It  would  be  inter- 

*  .Another  (loiiit  tii  be  roineinberoil  in  expEuiniiip  the  differance  in  etfecl 
.if  ilivisiiin  uprin  the  pcriiiheml  motor  and  sensory  nerves  is  tbe  fact  that,  if 
current  iilcas  of  romtui'ti'in  an>  correct,  on  sotlion  of  a  motor  fibre,  it  ia  per- 
haps the  i)iscliiir)<:e  of  impulses  nhieh  is  prt-Tented.  while  in  thtt  case  of  tbe 
wiiwrj'  tibre  it  is  ut  flrsl  llio  recL'ption  of  impulses  which  is  interfered  with. 
ll  inu»t  tiot  be  furgotteti.  liowever,  tiiat  even  wiien  a  peripheml  i 
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esting  to  DOte  if  the  sympathetic  ganglion  cells,  which  are  also 
oucapsulated,  act  aimilarlf  and  preserve  their  gross  integrity 
after  section  of  the  nerve  fibres  belonging  to  them.  I  refer,  of 
course,  to  gross  integrity  alone,  inasmuch  as  there  is  much 
evidence,  some  of  very  recent  date,  from  which  we  are  com- 
pelled to  believe  that  the  finer  structure  of  the  nerve  cell  is 
always  altered  by  the  cutting  through  of  its  axone.  Accord- 
ing to  the  researches  of  Biedl  {vide  infra),  cutting  of  a 
splanchnic  nerve  causes  both  cellnlipetal  and  cellulifugal 
degeneration, 

A  series  of  investigations  associated  with  the  names  of  von 
Gudden,"  Forel,  Mayaer,  Mendel,  Bregman,  Darkschewitsch, 
Nissl,  and  Flatau  must  now  be  considered.  The  first  four  in- 
vestigators experimented  by  tearing  spinal  or  cerebral  nerves 
away  from  their  connections  with  the  central  nervous  system, 
especially  in  newborn  or  very  young  animals.  These  animals 
were  allowed  to  live  for  several  months,  after  which  they  were 
killed  and  the  central  portion  of  the  nerve  involved,  together 
with  the  group  of  nerve  cells  corresponding  to  it,  was  studied 
microscopically.  The  histological  examination  revealed  marked 
changes  in  the  jincleus  of  origin.  The  cells  present  showed 
distinct  atrophic  alterations  and  many  of  them  had  entirely 
vanished,  so  that  enumerations  of  the  cells  of  the  groups  con- 
cerned revealed  a  decided  discrepancy  in  the  counts  on  the  two 
sides.  The  nerve  fibres  in  the  central  portion  of  the  nerve  had 
suffered  degenerative  changes,  many  of  them  having  totally  dis- 
appeared. 

Bregman,  in  Vienna,!  and  Dark8chewitsch,t  in  Koshew- 
nikow's  laboratory  at  Moscow,  undertook  the  study  of  the 
central  stump  of  motor  nerves  soon  after  the  establishment  of 

nerve  has  been  cut  through,  the  corresponding  cells  in  tlie  gpinal  ganglia 
may  yet  perhaps  receive  some  centripeMi  irapulsas  from  the  rigcera  through 
the  rami  coramnoicantes. 

•  Gudden,  B.  von.  Oesammelte  und  htnterlassene  Abhandlungeo.  Her- 
ftusgegeben  von  H.  Orashey,  Wiesbaden,  1889. 

f  Bregman,  EX  Uetwr  eiperi  men  telle  aufsteigende  Degeneration  motor- 
ischer  und  senslbler  Himnerven.  Arb.  a.  d.  Inet.  t.  Anat,  und  Physiol,  des 
Centralnervensyst.  a.  d.  Wjen  UniT.,  1893.  S.  73.  Also  in  Jahrb.  f.  Paychiat.. 
Iielpz.,  11.  Wien,  Bd.  si  (1893-'93),  S.  73-97. 

i  Darluchewitech.  L.  Ueber  die  VerBnderungen  in  dem  centralen 
Abachnitt  eines  motorisolien  Nerven  bci  Verletzung  des  peripheren  Ab- 
sohnittes.    Neurol.  Ceniralbl.,  Leipz.,  Bd.  xi  (I8!)3).S.  6.58-668, 
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the  lesion,  and  were  able  ty  show  by  the  delicate  method  of 
Marchi  that  extensive  undoubted  degenerative  procesaes  oc- 
curred in  tlie  fibres.*     In  one  case,  in  which  the  facial  nerve 


y^ 


Fia.  147.— TranKVtnw  mi'ttiin  throu«h  the  nipdullii  oblonj^t*  at  «  rabbit.  The 
fiu-ial  lU'rvi-  of  the  riiclit  hIiIi'  wkh  liirn  uut  of  thii  FHllnpisii  rannl  and  Ihr 
Miinnl  kllli-d  Sfty-viiiht  days  iMler.  Tliirty  doyn  hrtan-  death  both  niTvi 
IriKemini  were  i-iit  thniuKli  innnnpletely  liitrui'ntulHlly  an-ording  to  Hiiici-n. 
ilk^H  methiid.  On  the  riKht  side  the  niniml  reflex  va»  tela)iie<l ;  mi  thi?  left 
kMv  it  WBH  alMint  and  Huppuiative  keratitis  net  In.  The  eerobnl  peduncle 
waH  ulxii  wiHinded  <iu  thlH  Mile. 

Tn-Ktmeiit  hjr  Mnrclit'ii  imahud.  The  nuiteuo  and  flhTte  of  the  riftht  facial  mot 
mnipli-lely  dfitouerati-d ;  li>ll  nteiHl  nerve  niirnml.  From  the  raphe  fllin« 
gii  111  hiith  Mr»  alung  the  d»n«l  bonhr  of  the  fitwiculun  lonsitudinalia 
inedbliH  and  Imnme  lii«  heneath  the  Imndle  ut  (kciHl  flbies.  ThuM-  llbn« 
— emwd  theial  rmitof  thcuiithon — remain  niimiul.  On  the  right  side  the 
dorml  part  (if  the  emqrnt-HhHi^d  iTom  wi-tion  of  the  tractaa  spinaliH  nervi 
trifcemiiii  ia  dein-m>rated  ;  un  Ihe  left  Hide  only  Ihp  ventral  part  of  the  bbidi-. 
The  left  pymmid  ahowa  dencnerated  fihres.  A  few  hiaek  miiasca  atv  vinihle 
in  the  raphe,  in  the  fkwieulim  loncntiidlnalia  medialiR  of  both  Hides,  in  (be 
left  iH'rviM  n-ustienH.  and  in  thi'  filirn?  areuatie  ('XtemH^.  (After  E.  BreKBian. 
Art.,  n.  d,  [nut.  f.  Aiiat.  u,  Phy>ii<il.  de«  (ViitralnervtnuyBt.  a.  d.  Wieii  Univ. 
ilW«i.  Taf.  vi.  Fiii-l-* 

had  been  operated  upon,  Bregman  demonstrated  complete 
degeneration  of  the  fibres  of  the  central  stump  at  the 
twentieth  day  (Figs.  147  and  U8).f    Startling  as  were  these  re- 

*  I  urn  nnt  »ure  hut  that  these  results  come  within  the  provinoe  of  trao- 
maljc-  dt^geiie ration,  in  wliich  event  Ihey  wonld  not  contradict  the  WalleruMi 
doelrine.  Certainly,  inside  Ihe  spinnl  cunl.  pressure  causes  no  «nch  rapid 
ilegene ration  in  tlie  proximal  ends  of  injureil  fibres  cxb^nding  to  their  cells 

t  Tliiit  there  i*  no  lack  of  intcrc:<t  at  jiresent  upnn  this  topic  is  shown  by 
the  faet  that,  at  the  meeting'  of  the  British  Molical  Association  h«td  in  1808, 
Klemini;  reported  Ihe  results  of  hii>  ri'searches  maile  in  Munk'a  laboratorr  in 
Berlin.  Ct.  Fleming,  II.  A.  Ascending:  Degctieralion  in  Peripheral  Nerres 
and  the   Ilesulling  Cliaiiges  in  Nen'e  Cells.     Lancet,  London  (1886),  toL  ii. 
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suits  in  face  o(  the  fact  that  the  trophic  doctrine  of  Waller 
had  held  sway  for  forty  years,  they  were  eclipsed  by  others, 
which  must  now  be  considered.  Xissl,  with  his  methylene- 
blue-and-soap  staining  of  alcohol  tissues,  found  that  he  could 
actually  demonstrate  definite  alterations  within  the  nerve  cells 
very  soon  after  the  solution  of  continuity  of  their  axones.  In 
rabbits,  for  example,  after  excision  of  a  portion  of  the  facial  nerve 
on  one  side,  characteristic  alterations  can  he  demonstrated,  con* 


Fm,  14S.— Crosg  Mt-tiua  throiiKli  the  medulla  nblonKsUi  of  a  rabbit  cnrrespondiiiK 
to  thp  dutal  part  uf  the  i-iiruus  trapezuidfuin.  The  farial  nvrve  on  the  left 
Hiilr  was  torn  out  uf  thi^  Fallupiaa  auial  ll(ty-four  (tavs  before  the  death  of 
the  animal.  Thi-  nervun  trigeminus  on  the  rigbt  Bide  wa»  comiilelely  sev. 
I'red  intracmniitll]'  thirty-two  days  befuiv  the  death  uf  the  animal.  Tn»t- 
ment  by  Marrhi's  method,  f  Afler  .Brpginaii.  1  On  the  loft  side  of  the  figure 
the  root  fibres  of  the  faoial  nerve  are  cumplelely  deKenerated.  Thr  nttht 
focial  root  contains  a  few  hiact  gninuliM.  but  not  more  Ihan  oiu'  uHualiy  finds 
in  the  root  bnndlea  of  the  cranial  nerves  at  their  exit.  The  nervuH  abdueens 
is  normal  on  both  sides.  The  so-«illed  crosged  fecial  root  is  normal  on  both 
ludes.  The  tractns  spinalis  nervi  trigeniini  is  completely  deiteneratcd  on  the 
right  side.  In  the  neighboring  subslBntia  gelatinoaa  numenms  handles  of 
degeoeralcd  flbrps  arranged  in  groups  are  visible.  The  dorsal  portion  of  the 
tnctus  spinalis  nerri  trigenijni  runs  out  medially  as  a  narrow  stripe.  In  the 
corpus  tnpeHiideum  a  few  fibres  are  degenerated  on  both  sidcMof  the  middle 
line.  There  are  a  few  black  granulef  in  both  acoustic  nerves  In  both  corpom 
reatifonnia.  in  the  fasciculus  loagitudlnalis  medialia  uf  both  sides,  and  in  the 
flbne  areuatffi  eitemie. 

sisting  in  the  main  of  a  rarefaction  and  finely  granular  change 
in  the  Xisal  bodies  of  the  cells  of  the  seventh  nucleus.*    He  as- 


No.  7,  p.  fi08.— Some  Notes  on  Ascending  Degeneration  (so-called)  and  on 
the  Changes  in  Nerve  Cells  Consequent  Thereon.     Brit.  M.  J..  Lotid.  (18M), 
ij,   pp.   818-921.— Ascending   Degeneration   in   Mixed   Nerves;    a  Critical 
Sketch  with  Experimental  Etesults.  Etiinb.,  H.  J.  (18971.  n.  s..  i.  pp.  4a-«0. 
•  "  Darin,  dasa  dieselben   unter  einer  leinkflmigen  Urawsndlung  rare- 
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serts  that  while  the  changes  are  most  marked  if  the  animals 
are  killed  after  from  eight  to  fifteen  days,  to  one  acquainted 
with  them  alterations  are  recognizable  within  the  cells  of  this 
nucleus  as  early  as  twenty-four  hours  after  the  operation.  The 
findings,  as  might  be  expected,  vary  for  the  different  forms  of 
nerve  cells  and  somewhat  in  the  same  form  of  cells  in  animals 
of  different  species.  Even  if  the  peripheral  nerve  is  not  cut 
through  but  is  rendered  temporarily  incapable  of  functioning, 
the  regressive  alterations  can  be  made  to  appear,  as  Nissl  asserts 
he  has  shown,  by  the  application  of  chemical  substances  (for  ex- 
ample, common  salt)  to  the  trunk  of  the  facial  nerve,  or  by  ap- 
plying a  temporary  ligature  to  it.  After  these  have  reached  a 
maximum  (eighteen  to  twenty-two  to  thirty  days)  the  appear- 
ances for  a  time  do  not  alter  materially,  but  Nissl  thinks  that 
later  the  majority  of  the  cells,  perhaps  through  the  formation 
of  other  unions,  begin  slowly  to  recover,  so  that  by  the  fiftieth 
or  sixtieth  day  it  may  be  difficult  for  the  inexperienced  to  dis- 
tinguish them  from  entirely  healthy  cells.  Characteristic 
changes  in  the  neuroglia  accompany  those  found  in  the  nerve 
cells.  Of  the  importance  of  this  method,  which  has  been  desig- 
nated by  Nissl  as  Die  Methode  der  primdren  Reizung^*  I  have 
already  spoken  in  another  place. f  The  method  is  a  very  deli- 
cate one — in  fact,  the  most  sensitive  as  yet  introduced.  Nissl 
cautions  against  drawing  conclusions  from  its  application  be- 
fore one  has  become  skilled  in  the  necessary  technique.  In 
order  to  obtain  results  of  any  value  the  operations  must  be  done 
aseptically,  and  a  long  and  intimate  acquaintance  with  the  ap- 
pearances presented  by  the  different  varieties  of  cells  occurring 
normally  in  the  regions  under  examination  is  absolutely  es- 
sential. The  procedure  has  already  been  applied  to  determine 
a  number  of  complicated  relations  existing  within  the  nenre 
centres  and  is  full  of  promise  as  regards  the  solution  of  many 
intricate  questions,  among  which  Nissl  refers  with  especial 
hopefulness  to  those  involved  in  the  study  of  the  eye-muscle 
nuclei. 


♦  Nissl,  V.  TebtT  eino  neue  Untorsuehunjjsmethode  des  Ccntralorgmns 
speciell  zur  F't'ststcllung  der  Localisation  dcr  Ncrvenzellen.  Vortrs^ 
gehalten  boi  der  Versammlung  der  sudwest.  Neurologoii  imd  IrrenftTzte  in 
Baden-Baden,  3.  Juni  1894.  Centralhl.  fiir  Nervenh.  iind  Psychiat.,  Oobleni 
11.  Leipz.,  Juli  (1H04),  Bd.  xvii.  S.  'XM. 

f  Johns  Hopkins  Hospital  Bulletin,  vi  (1805),  p.  166. 
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Flatau,*  in  Waldeyer's  laboratory,  examined  the  brains  of 
four  young  cats,  in  whicli  the  third  nerve  had  been  cut  intra- 
cranially  by  Gad,  thirteen,  eleven,  three,  and  two  days  respec- 
tively after  section.  His  description  of  the  findings  accords 
entirely  with  those  of  Xissl's  investigations  (Fig.  149).     Held 


Lu.  149.— Cells  from  thf  noclei  of  the  n 

days  after  M^-tiuu  iif  the  niot  flhres  of  thi-  iiirvc  on  our  m<I<'.     i 
FUtKU.    FiirtMbr.  d.  Med..  Bvrl.,  Bd,  liv,  1896.  tut.  i.  F'lm.  3  and  i.  <   a.  ci-ii 
froiD  DuvleuH  cif  Hidp  nut  iipentcd  upon,  Hhowins  topical  stichochrome  nr- 
rangement  of  Nitwl  bodiex ;  b,  cell  frou  nuclcuH  uf  ludc  operated  upon.    The 
hoTnogeneouH  duntlike  a^pearaut.'e  in  reiirtwiitHl.    Here  and  there  glnicle 


N  iwl  bodies  ai 


isible. 


ireseiitHl. 


a  diaplai^ed  to  thi'  Hide 


states  that  he  has  employed  the  method  and  foand  it  to  be 
useful,  especially  where  the  central  relations  are  very  complex. 
Sadovsky's  researches  t  are  also  confirmatory  of  Xissl's  studies. 
By  both  Nissl's  method  and  Marchi'a  method  Biedl  t  has  dem- 
onstrated that  cellnlipetal  as  welt  as  cellulifugal  degeneration 
occnra  after  section  of   the  splanchnic  nerve.     Bemhoimer* 


*  Flatau,  E.  Rinige  Betrochtungea  Qberdic!  Neuroaenlehre  im  Anscblusg 
an  frQhzeitige,  expcrimenCell  etMugte  VerSnderungen  der  Zellen  des  Oculo- 
motoriuskems.    Fortschr,  d.  Med.,  Ber].,  Bd.  liv  <18B9).  No.  6,  S.  201-225. 

t  Sftdnvsky,  S.  Nfvrite  ex  peri  men  tale  par  compression  et  Ifeions  con- 
•fcntiTBa  des  centres  nerTem.  Coinpt.  renJ.  Soc.  de  biol..  Par.  (ISBfl).  10.  8., 
t  iii,  pp.  855-358. 

t  Biedl.  A.  Ueber  die  Centra  der  Splanehnici.  Wien.  klin.  Wphnsehr., 
Bd.  viii  (1895),  S.  915-01B. 

"  Bernheimer.  S.  Zur  Kenntni»i  iter  Lofalisution  im  Keni)jel)iete  des 
OcnlomoUiriiw.    Vorl.  Milth.    Wien.  klin.  Wchnschr.,  is {18Se),Ko.5.   Abo, 
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tliiiikw  he  liuB  been  abto  by  this  method  to  decide  as  to  the  por- 
tionH  of  Ihe  nucleus  of  the  oculomotorius  respectively  concerned 


ill  tlio  iiiiiorvHtioii  of  (he  cxtrin^ii'  and  intrinsic  mmcles  of  the 
I'viKiU.  At'i'onlin);  to  liim.  in  the  rabbit  the  four  external  eye 
initsi'los  sn)>]t]ti'<l  by  tin-  oi-uloniotimu!:  neixe  are  goremed  by 
I  he  piiit:Hiin  iiOls  <if  tlu'  dist.il  nud  middle  thirds  of  the  nDclens 
(.■lii<ll\  iif  tbi'  o]i)HiN)li>  sidt).  while  the  oells  of  origin  lor  the 
ininnsi.'  )iin>.-lt's  of  the  eviKill  are  to  tx'  ^aght  in  the  moBt 

-Ml.  «,n>i  o,  i.U:,ii,.i,.ii..^  I  ,.r-,-ij;i.ii  Mii>k.-lii  .irj  Au|n«.    Areh.  t  Opfath^ 
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proximal  portioos  of  the  nucleus.  J.  Erlanger  is  at  present  eu- 
gaged  with  me  in  the  study  of  the  spinal  cords  of  animals 
from  which  pieces  of  nerves  supplying  muscleB,  and  in  some  in- 
stances the  muscles  thcmaelveB,  have  been  excised ;  the  results 
of  these  investigations  will  be  published  later.  In  Fig.  150  are 
shown  some  cells  from  the  nucleus  nervi  facialis  fifteen  days 
after  section  of  the  facial  nerve.  They  may  be  compared  witli 
a  of  Fig,  149,  which  represents  a  normal  motor  cell. 

As  to  the  effects  upon  the  cell  body  induced  by  injury  to  a 
portion  of  the  terminals  of  the  collaterals  of  a  given  axone,  we 
have  as  yet  no  evidence. 


W  ic 


Flu.  ISl. —Ventral  horti  ivUs  rnim  the  spimil  conl  of  it  csiv  of  multiple  iieuritin. 
(After  Ballet  and  Dutil.J  a.h,  ivlU  Htuiued  with  picrucanaln  ;  c.  wll  ntaiued 
with  lucDiatoxylin  ;  d.  ixW  xtoiDed  hy  NinNl's  mi<tliod.  The  alteratioiu  in 
tbe  f  hrumatic  Bubetanee  and  the  diglutstion  <if  the  aaelemi  an'  ivell  bIiowii. 

Experiments  such  as  the  foregoing  place  certain  diseases — 
for  example,  the  so-called  peripheral  neuritis — before  us  in  an 
entirely  new  light,  for  it  is  obvious  that  even  if  the  morbid  })ro- 
cess  be  confined  at  first  exclusively  to  distal  portions  of  the 
axones  (the  lesion,  when  of  the  nature  of  a  focal  necrosis,  is 
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usually  dependent  upon  poisons  circulating  in  the  blood),  it 
does  not  remain  localized  in  them,  and,  as  we  have  seen,  injury 
to  an  azone  leads  to  alterations  in  the  whole  of  the  neurone  to 
which  it  belongs.  Ballet  and  Dutil  *  have  already  described 
such  changes  in  the  cells  of  the  ventral  horns  in  cases  of  lH>ly- 
neuritis  (Fig.  151).  Many  additional  examples  of  the  bearing 
of  these  experiments  upon  pathology  might  be  given.  From 
what  has  been  said  it  is  obvious  that  we  must  be  very  chary  of 

denying  the  existence  of  altera- 
tions in  the  cell  bodies  of   the 
neurones  in  a  given  disease,  un- 
less these  have  remained  undis- 
covered with  the  most  delicate 
methods  now  at  our  command. 
There  can  be  but  little  doubt 
that  in  many  cases  in  which  the 
nerve  cells  have  been  described 
in  the  bibliography  as  being  per- 
fectly normal,  very  distinct  path- 
ological   changes    could      have 
been  demonstrated  in  them  had 
Nissl's   method   been   used   for 
their  detection.     On  the  other 
hand,  it  must  be  borne  in  mind 
that  in  the  very  delicacy  of  these 
methods  there    lies    the    great 
danger  that  with  them  the  in- 
Vui.  152. -NVrve  ocii  from  con«]>rai  experienced  may  easily  be  led  to 

cortex  of  dog.    It  shows  alU'rations     ,  .,  1 1_    i       •      i       «      ■■ . 

vhivtly  ill  the  dendrites  turned  to-    describe     pathological      findings 
wunl  a  tliromhosed  vessel.     (After    wl^r^^o    in  fAalifv    nt\nt%   a^^^o^-        T 

Monti.    Ar<h.itai.debioi.,t.xxiv.;  Where,  in  reality,  none  exist.     I 

must  confess  that  I  am  very 
skeptical  of  accepting  as  facts  the  statements  in  any  publici^ 
tion  of  work  based  on  Nissl's  methods  where  I  am  not  sure 
that  the  results  have  been  controlled  by  an  investigator  of 
exporience. 

rnfortunatoly,  tissues  fixed  for  staining  by  NissFs  method 
in  alcohol  or  corrosive-sublimate  solutions  are  not  suitable 
for  stainin^^  by  the  method  of  Weigert  or  by  that  of  Marchi. 


*  Ballet,  (i.,  et  A.  Dutil.     Sur  un  cas  <le  p(»lyndurite  avec  IMons  mMuI- 
luires.     Bull,  et  ineni.  Soe.  nied.  d.  hop.  de  Par.,  3  s,  t.  xii  (1895),  pp.  818-881. 
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Marina  *  has  tried  to  obviate  this  diflSeulty.  His  fixing  mix- 
ture (formol  and  chromic  acid)  permits  of  staining  of  the 
tissues  by  the  methods  of 
Weigert,  Xissl,  and  Van 
Gieson.  The  Nissl  prepara- 
tions are  not,  however,  so 
beautiful  as  those  prepared 
in  the  orthodox  way. 

As  regards  the  effects 
on  the  whole  neurone  result- 
ing from  injury  to  its  den- 
drites we  have  much  less 
definite  information.  Leav- 
ing out  of  consideration  in- 
juries to  peripheral  sensory 
nerve  fibres,  which,  as  we 
have  seen,  correspond  in 
their  embryological  origin 
to  dendrites,  and  which,  as 
I  shall  point  out  a  little 
later,  though  conforming  in 
their  physiological  behavior, 
at  least  so  far  as  the  con- 
duction of  nerve  impulses  is 
concerned,  rather  to  what  is 

generally  true  of  dendrites  than  of  axones,  are  nevertheless  his- 
tologically indisputably  axones,  we  have  as  data  in  this  connec- 
tion only  the  observations  of  Monti  f  and  Berkley.  J  These  ob- 
servers, employing  the  silver  method  of  Golgi,  the  former  in 
cases  of  inanition  and  experimental  cerebral  embolism  (Fig.  152), 
the  latter  in  several  varieties  of  intoxication  (Fig.  153)  and  in 

♦  Marina,  A.  Eine  Fixationsmethode,  bei  welcher  sowohl  die  Nissl'sche 
Nervenzelle  als  die  Weigert*sc*he  Markschoideffirbung  gelingt.  Neurolog. 
Centralbl.,  Leipz.,  Bd.  xvi  (1897),  S.  166. 

t  An  epitome  of  the  work  of  Italian  investigators  with  Golgi's  method 
with  regard  to  pathological  alterations  in  nerve  cells  is  to  be  found  in  the 
comprehensive  review  of  C.  Sacerdotti,  in  Lubarsch-Ostertag's  Ergebnisse 
der  allgem.  Pathologic  u.  path.  Anat.  des  Menschen  u.  der  Thiere.  Zweiter 
Jahrgang,  1895.    Wiesbaden  (1897),  S.  799-806. 

X  Berkley,  II.  J.  Studies  on  the  Lesions  produced  by  the  Action  of  Cer- 
tain Poisons  on  the  Cortical  Nerve  Cell.  Johns  Hopkins  IIosp.  Rep.,  Balt.» 
vol.  vi  (1897),  fasc.  i,  pp.  1-88. 


Fig.  153.— Ijarger  pyramidal  cells  from  the 
si>cond  layer  of  the  cerebral  cortex  show- 
ing advanced  stages  of  degeneration  fol- 
lowing ricin  poisoning  of  fourteen  hours' 
duration.  The  cells  have  lost  the  angu- 
larity of  thfir  contours.  (After  H.  J. 
Berkley.  Johns  Ho])kins  Hosp.  Kep.* 
vol.  \i,  PI.  xii.) 
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tormiual  dementia  (Fig.  154),  have  fonnd  that  nnder  certain  cir- 
cumstances the  earliest  lesions  which  appeared  were  those  aflect- 
ing  the  dendrites.  These  showed  varicosities  and  distortion 
phenomena  with  loss  of  the  gcmmules  and  finer  side  bntiicheg; 


Fill.  154.  -Str..ii| 


iiilriU'M  i>r  iiymniiilal  ri'lls  from  the  hinnan  cerrbral 
irlrili- :  h.  ili-uilriti-  from  a  pyramidal  cell  in  a  cwr  nf 
iliiwppeaTi-d   aud  th«  irre^nilar 


IICTltJH  ;     llll-     Rfllllll 


only  subsequently  did  the  cell  body  and  axone  show  alterations. 
All  effort  has  been  made  to  attribute  the  changes  id  such  cases 
in  the  aioiie  and  coll  body  to  the  disturbances  in  metaboliBm 
reuniting  from  the  loss  of  the  dendrites.  It  would  seem  to  me 
possible  that  the  alterations  in  external  form  in  a  cell  body  and 
axoiic  discovered  by  the  method  of  Golgi  may  be  d«e  to  the 
Name  causes  as  the  preceding  chiiiiges  in  the  form  of  the  den- 
drites and  not  simply  be  their  metabolic  sequel. 

Till.'  researches  of  \Varrington  {riile  iiifra)  and  others  have 
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shown  that  if  the  impulses  coming  to  a  cell  by  way  of  the 
dendrites  and  cell  body  be  cut  off,  changes  in  the  whole 
neurone  result.  It  would  not  be  difficult  to  believe  then  that 
if  the  dendrites  undergo  serious  injury  of  any  sort  marked 
alterations  of  the  neurone  must  result,  if  for  no  other  reason 
than  the  cutting  off  of  centripetal  impulses.  Hold's  studies  of 
the  concrescence-relations  between  the  terminals  of  axones  and 
collaterals  of  one  neurone  and  the  dendrites  and  cell  bodies  of 
Another  are,  it  seems  to  me,  well  worthy  of  note  by  the  pathol- 
ogist. When  one  remembers  that  these  delicate  intemeuronal 
communications  are  directly  exposed  to  the  lymph  which  bathes 
them,  the  possible  deleterious  effects  of  soluble  poisonings  cir- 
<;ulating  in  the  blood  and  lymph  are  not  difficult  to  imagine. 

That  the  cell  body  is  of  very  great  importance  in  the  nutri- 
tion of  the  neurone  is  evidenced  by  (1)  the  existence  in  it  of 
the  nucleus  with  its  surrounding  endoplasm,  and  (2)  its  very 
intimate  relations  to  the  capillary  plexuses  within  the  gray 
matter  (Fig.  155).* 

Besides,  the  effect  of  severe  injury  to  the  ganglion  cell  upon 
the  rest  of  the  neurone  is  now  very  generally  appreciated.  It 
has  long  been  known  that  destruction  of  a  ganglion  cell  leads 
inevitably  to  the  decay  and  disappearance  of  the  nerve  fibre 
connected  with  it.  A  few  interesting  experiments  may  perhaps 
be  recalled.  Ehrlich  and  Brieger  showed  in  1884  that  if  a 
ligature  be  applied  for  thirty  minutes  or  an  hour  close  beneath 
the  point  of  origin  of  the  renal  arteries  of  the  rabbit,  there 
results  a  permanent  sensory  and  motor  paralysis  of  the  posterior 
extremities  and  of  the  bladder  and  rectum,  owing  to  acute 
necrosis  of  the  cells  of  the  gray  matter  of  the  lumbar  spinal 
cord.  These  experiments,  repeated  later  by  Herter,  Spronck, 
Miinzer  and  Wiener,  and  others,  are  invariably  followed  by 
complete  degeneration  of  the  whole  of  the  neurones  of  which 
the  necrotic  cell  bodies  form  a  part,  and  the  course  of  the 
degenerating  fibres  can  after  a  few  days  be  profitably  studied 
by  the  method  of  Marchi.  The  removal  of  the  nerve  cell 
(either  through  chemical  injury,  cutting  off  of  nutrition,  or 
ablation)  is,  for  the  part  remaining,  equivalent  to  severing  the 
axone,  and  the  typical  secondary  degeneration  always  occurs. 

*Shiraamura,    S.      Ueber    die  Bhitversorgung  der  Pons-  und   Hirn- 
jchenkelgegend,  insbesondere  des  Oculomotoriuskerns.    Neurol.  Centralbl., 
Leipz.  (1894),  Bd.  xiii,  S.  685 ;  769. 
17 
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This  brings  nn  to  tlio  utilization  of  experimentally  producei] 
aei^ondary  de.gGiiLTUtioni>,  by  means  of  which  impurtnnt  contri- 
butionii  liavL>  been  aitd  are  being  made  to  the  anatomy  of  the 
eentral  er  o  b  uj  stem  \  o  n  atter  w  1  at  nerve  cell  or  group  of 
nerve  cells  s  destroyed  wl  eti  er  n  the  spinal  ord  in  the 
m  lulla  n  the  tl  uUmus  or  in  tl  e  erebral  cortex  wliether 
beloi  g  ig  to  the  projectfon  systems  or  to  the  association  ey^ 


tlinniKli  llic  miwin'cuhiilim  HhoH-inft  vanriilar  muply. 
Ni-unil.  (^-iitiylhl.  I^-ilW..  R'l.  liii  anMI,  H.  773.  ^K.  i.  ■ 
iRiIiuti ',  b,  n-Kiii  iiiu'Ui  niTvi  nculiiniotdrii  ;  r.  Aun'icu- 


lUH  IniiBltiKliiiulkt  niMliiillN ;  if,  IttiniiiirilH:  /,  Kiilxtiintiii  nigra;  g.  laMH  |ir- 
■luiiruli :  h.  miliiiliii-liiii  ccri'liri  ;  i.  vttM'l  niiiiiinfi  ahiiiK  nmr  raplie  ;  i,  lateral 

bliKHl-viflwls :  1-,  bliKKl-vi'SM'!  niiuiii.t: hIiiiik  til..  iHxw  pcdum-uli.     The  ri.-h 
niliillary  Mijiiily  In  thi^  (!nni])S  cif  iiiTVt'  crllH  in  ]iiirtk'ulHrly  trcH  ithiiwn. 

terns,  the  r  or  responding  axone  or  aKones,  with  their  enveloping 
myelin  sheaths,  dogcni^nite  completely  to  their  terminals.  The 
method  of  Marchi  permits  its  to  make  out  the  changes  long  he- 
fore  they  asKume  the  degree  necessary  for  their  recognition  by 
Weigert's  method.  Indeed,  nowuditys  practically  every  nenro- 
logioiil  investigator  emjiloyn  tliis  ])rocedure,  so  valuable  is  the 
information  nfforded  by  it. 

This  method,  when  em])1oyed  in  connection  with  that  of 
Nissl,  is  of  extreme  xitliie,  not  only  for  anatomy,  but  also  for 
pathology,  for  it  must  now  be  evident  that  once  Tve  have 
domouKtratcd  degeneration  in  a  f;iven  set  of  nerve  fibres  we  can 
prophesy  almost  with  certainty  Ilie  existence  of  lesions  of  some 
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sort  in  their  cells  of  origin — lesions  which,  however,  may 
obviously,  from  what  has  been  said  above,  be,  in  a  given  case, 
either  primary  or  secondary.  The  statement  of  this  fact  would 
seem  to  be  all  the  more  important  in  that  it  has  been  suggested 
by  some  investigators  that  apparently  trivial  injuries  to 
neurones,  so  slight  in  the  cell  body  as  to  exclude  detection  by 
all  the  cruder  methods,  may  nevertheless  in  all  probability 
suffice  to  give  rise  to  easily  demonstrable  degenerative  lesions 
in  other  parts  of  the  neurones.  Perhaps  the  most  significant 
instance  which  can  be  cited  is  that  met  with  in  some  forms  of 
lateral  sclerosis  in  human  beings  in  which  the  pyramidal  motor 
cells  of  the  cortex  show  no  marked  lesions,  though  the  most  dis- 
tal portions  of  the  nerve  fibres  arising  from  them  have  gradually 
degenerated.  While  it  is  not  impossible  that  here,  as  seems 
probable  in  some  forms  of  disease  of  the  peripheral  nerves 
(alcoholic  neuritis,  lead-poisoning,  etc.),  the  degeneration  of  the 
distal  portion  of  the  axones  may  be  due  to  the  direct  action 
upon  them  of  some  toxine,  the  view  is  gradually  gaining 
ground  that  in  these  cases  we  have  to  deal  with  some  deleteri- 
ous influence  acting  upon  the  cell  body,  or  perhaps  upon  the 
whole  neurone,  which  expresses  itself  in  a  manner  accessible  to 
recognition  by  our  methods  first  in  those  portions  of  the  neu- 
rones in  which  the  nutritive  influences  are  least  active,  pre- 
sumably those  most  distal  from  the  cell  body  and  nucleus 
(Stri'impell).  Wollenberg's  idea  regarding  the  primary  seat  of 
the  disease  of  the  sensory  neurones  in  tabes  would  involve  a 
similar  explanation,  but  many  have  objected  to  the  assumption 
that  in  this  disease  tjie  primary  lesion  is  in  the  cell  bodies  of 
the  spinal  ganglia. 

Inasmuch  as  in  tabes  we  have  not,  as  after  section  of  a  dorsal 
nerve  root,  a  complete  degeneration  following  the  continuation  of 
the  fibres  within  the  spinal  cord,  but  rather  an  elective  degenera- 
tion of  the  dorsal  funiculi,  certain  only  of  the  intramedullary  con- 
tinuations of  the  dorsal  roots  being  involved  in  the  disease  process, 
at  least  in  the  early  stages,  it  seems  to  me  that  one  of  two  views  has 
to  be  accepted  for  the  explanation  of  its  origin.  Either  this  is  to  be 
sought  in  a  slow  intoxication  of  the  cord,  the  toxine  being  one  that 
influences  deleteriously  the  sensory  regions  of  the  cord  and  by  pref- 
erence only  certain  parts  of  these,  the  individual  bundles  which 
succumb  varying  to  a  certain  extent  indifferent  cases  of  the  disease, 
or  the  toxic  process  is  exerted  in  an  elective  way  in  the  spinal  gaii- 
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glia,  or  possibly  on  the  whole  of  the  peripheral  sensory  neurone, 
certain  only  of  the  peripheral  sensory  neurones  being:  affected,  at 
least  at  first,  and  accordingly  certain  only  of  the  fibres  of  the  dorsal 
funiculi  inside  the  cord.  The  former  view  has  been  supported  by 
Erb,  Striimpell,  Mobius  and  othei's.  A  result  of  iK>isouiug^  some- 
what similar  to  that  assumed  in  this  doctrine  of  the  origiu  of  tabes 
has  been  observed  in  certain  other  intoxications.  Further,  nothing 
can  be  more  obvious  than  that  certain  groups  of  neurones  in  a 
given  individual  are  more  susceptible  than  others  to  a  given  toxic 
agent ;  more  than  this,  the  same  group  of  nerve  cells  in  two  indi- 
viduals may  react  very  difPerently  to  similar  doses  of  tlie  same 
poison.  Our  daily  experience  with  the  effects  of  alcohol,  coffee,  tea, 
and  certain  anaBsthetics  upon  different  individuals  and  upon  our- 
selves under  different  circumstances  are  of  interest  in  this  connec- 
tion. The  toxines  of  syphilis,  although  we  are  entirely  ignorant  as 
to  their  nature,  show  a  decided  preference  for  certain  parts  of  the 
cerebral  cortex,  other  areas  being  less  often  affected.  Sampe's  ob- 
servations concerning  the  differences  in  the  psychic  disturbanceii 
following  carbon-bisulphide  poisoning  in  different  individuals  are 
very  convincing  in  this  regard,  as  are  also  the  careful  psycho-phar- 
macological investigations  of  Hoch  and  Kraepelin  *  concerning  the 
caffeine  and  ethereal  oils  in  samples  of  tea.  It  is  Flechsig^s  idea 
that  these  variations  in  vulnerability  of  different  groups  of  neu- 
rones, and  of  the  different  portions  of  the  individual  neurones,  are 
to  be  traced  back  in  large  part  to  developmental  conditions,  a  sug- 
gestion which  is  highly  x)lausible  in  view  of  the  evidence  that  can 
be  brought  forward  in  its  favor. 

The  answers  to  the  questions  which  we  have  formulated 
concerning  the  events  occurring  in  the  various  component  parts 
when  cut  off  from  the  main  body  of  the  neurone,  and  the  effects 
of  lesions  of  individual  portions  of  the  neurone  upon  the  neu- 
rone as  a  whole,  are,  of  necessity,  as  yet  very  incomplete.  Suf- 
ficient evidence,  however,  is  at  hand  to  render  clear  the  &ct 
that  the  neurone  as  a  whole  is  a  trophic  unit,  and  that  any 
attempt  to  locate  the  trophic  function  exclusively  in  any  one 
portion  of  it  must  assuredly  fail.  We  have  seen  that  we  possess 
reliable  observations  which  all  favor  the  view  that  injury  to  any 
part  of  it  also  affects  to  a  greater  or  less  extent  the  remainder 
of  the  neurone,  and  that  no  portion  of  a  neurone  is  capable  of 
existence  for  any  great  length  of  time  after  the  severance  of  its 


*  Hoch,  A.,  u.  E.  Kracpclin.  Ueber  die  Wirkung  der  Tbeebestandtheile 
auf  kurperlichc  und  geistige  Arbeit.  Kraepclin's  Psycholog.  Arbeiten*  Bd.  i 
(1895),  H.  2-3.  S.  378-488. 


THE  NEURONE  AS  THE  UNIT.  245 

connection  with  the  rest  of  the  nerve  unit.  And  after  all,  when 
one  thinks  of  it,  this  is  not  so  very  astonishing ;  indeed,  it  is 
rather  a  matter  of  surprise  that  the  fact  should  have  been  ques- 
tioned, after  the  knowledge  had  once  been  gained  that  a  neu- 
rone as  a  whole  represents  a  single  cell,  for  we  have  long  known 
that  even  in  such  presumably  little  differentiated  protoplasm  as 
that  possessed  by  an  amoeba,  an  injury  (for  example,  with  silver 
nitrate)  to  one  portion  of  the  cell  body  is  speedily  answered  by 
phenomena  which  concern  the  whole  of  the  unicellular  organism. 
How  little  likely  that  a  nerve  cell,  the  protoplasm  of  which 
represents  the  highest  example  of  differentiation  along  the 
lines  of  irritability  with  which  we  are  acquainted,  should 
remain  uninfluenced  by  irritation  or  destruction  of  one  of  its 
integral  parts ! 

Many  facts  might  be  added  in  connection  with  regeneration 
of  nerve  fibres  and  nerve  cells  which  have  more  or  less  bearing 
upon  the  trophic  functions  of  the  neurones.  On  the  regenera- 
tion of  nerve  fibres  an  immense  amount  of  work  has  been  done,* 
some  very  important  contributions  having  been  made  by  inves- 
tigators in  this  country,  especially  by  Howell  and  Huber.f  It 
has  long  been  known  that  on  suitable  apposition  of  the  ends  of 
a  divided  motor  or  sensory  nerve,  the  axones  of  a  central  stump 
may  grow  out  again  to  the  periphery  and  function  may  again 
return.  In  the  event  of  the  re-establishment  of  connection  and 
function,  the  regressive  alterations  which  begin  to  appear  in 
the  central  portions  of  the  neurone  almost  immediately  after 
section  (Nissl)  gradually  give  place  again  to  the  normal  ap- 
pearances. The  investigations  of  Baer,  Dawson,  and  Marshall, 
carried  on  under  the  direction  of  W.  H.  Howell  (1897),  speak 
in  favor  of  the  regeneration  of  the  central  axones  of  peripheral 
sensory  neurones  in  the  dorsal  funiculi  of  the  cord  after  experi- 

♦  Compare  the  excellent  review  and  critique  of  the  bibliography  up  to  1895 
by  H.  Stroebe.  Die  allgemeine  Histologie  der  degenerativen  und  regenera- 
tiven  Processe  ira  centralen  und  peripheren  Nervensystem  nach  den  neuesten 
Forschungen.  Zusammenfassendcs  Referat.  Centralbl.  f.  allg.  Path.  u. 
path.  Anat,  Jena,  Bd.  vi  (1895),  S.  849-960. 

t  Howell,  W.  II.,  and  Ruber,  G.  C.  A  Physiological,  Histological,  and 
Clinical  Study  of  the  Degeneration  and  Regeneration  in  Peripheral  Nerve 
Fibres  after  Severance  of  their  Connections  with  the  Nerve  Centres.  J.  Phys- 
iol.. Cambridge,  vol.  xiii  (1893),  pp.  335-406,  and  vol.  xiv  (1893),  p.  1 ;  also 
Huber,  G.  C.  A  Study  of  the  Operative  Treatment  for  Loss  of  Nerve  Sub- 
stance in  Peripheral  Nerves.    J.  Morphol.,  Bost.,  vol.  xi  (1895),  pp.  629-740. 
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iiioiital  lesion  of  a  dorsal  root  between  the  ganglion  spinale  and 
the  spinal  cord.* 

Regeneration  of  severed  nerve  fibres  within  the  spinal  cord 
and  brain  is,  unfortunately,  very  much  less  complete  than  in  pe- 
ripheral regions.  Whether  a  nerve  cell  once  entirely  destroye<J 
can  have  its  place  adequately  filled  by  one  formed  by  division 
from  another  nerve  cell  is  a  question  of  vital  interest.  The 
researches  of  Tigges,  Mondino,  Coen,  Cattani,  and  Popoff  are  of 
importance  in  this  connection.  The  newspapers  have  recently 
contained  the  most  exaggerated  and  ludicrous  accounts  of  the 
significance  of  the  experiments  of  Vitzou.f  According  to  his 
researches,  there  may  be  an  actual  new  formation  of  nerve  cells 
in  the  brain,  and  it  is  his  opinion  that  the  restitution  of  func- 
tion after  ablation  experiments  is  to  be  attributed,  not,  as 
Luciani  and  Tamburini  think,  to  the  existence  of  secondarv 
centres  which  take  on  the  function  vicariously,  but  directly  to 
the  newly  formed  nerve  tissue.  This  view  is  not  shared  by  Te- 
deschi4  of  Pisa,  although  this  investigator  also  asserts  that  he 
has  demonstrated  the  j)ossibility  of  a  regeneration  of  the  nerve 
cells  (Fig.  150).  It  is  highly  desirable  that  these  studies  be 
repeated  and  extended,  especially  as  the  recent  researches  of 
Tirelli  ^  on  the  si)inal  ganglia,  and  of  Monti  and  Fieschi  |  on  the 
sym])athetic  ganglia,  go  to  support  the  prevalent  view  that  in 
adult  animals  gangli(m  cells  once  destroyed  are  not  regenerated. 
That  there  can  be  r(»markal)le  regeneration  in  embryonic  stages. 


*  Haer,  \V.  S..  Dawson,  P.  .M.,  ami  II.  T.  Marshall.  Regeneration  of  the 
Dorsal  Root  Fibres  of  tlu'  Sfjcoml  Cervical  Nerve  within  the  Spinal  Goni. 
.).  Kxper.  Med..  Hall.,  vol.  iii  (1890),  No.  1. 

t  V'itzou,  A.  N.  La  iieoformation  des  cellules  nerveuses  dans  le  cerveau 
du  singe  consecutive  i\  ral)lation  complete  des  lobes  occipitaux.  Conipt. 
rend.  S«x?.  biol.,  Srpteml)er  10, 1H95 ;  also  in  Compt.  rend.  Acad.  d.  sci..  Par. 
(lH95),cxxi,  445-447;  and  in  .Vrch  de  physiol.  norm,  et  path.,  Par.  (1897),  5 
s.,  t.  ix,  pp.  29-4;J,  1  pi. 

t  Te<les(lii.  A.  Anatomisch-patholo^ische  und  experimentelle  Unter- 
suohungcn  liber  die  Ke|,'eneration  des  Xervengewebes.  Vorl.  Mitth.  Cen- 
iralbl.  f.  allg.  Path.  u.  path.  Anal.,  .lena,  Hd.  vii  (1896),  S.  449-451 ;  also  Anato- 
niiM'li-experinienteller  lieiirag  zum  Studien  der  Regeneration  des  Qewebe 
dis  (Vntralnerven^yslems.  Beitr.  z.  path.  Anat.u.z.  allg.  Path.,  Jena.  1897 
xxi,  4:j-7'2, :{  pi. 

**  Tirelli,  V.  Deiproec^ssi  riparativi  nel  ganglio  intervortebrale.  Ann.di 
frrniair.  e  se.  afTini,  Torino,  vol.  v  (ls9r)),  pp.  9-20 ;  also  Transl.  in  Ansh.  itaL 
de  l.inl.,  Turin,  t.  xxiii  (189r)-*96),  pp.  ;}01-:M6. 

!,  Monti,  A.,  it  Fieschi,  D.  Sur  la  guerison  des  blessures  des  ganRlions 
sympathi«iue.     Arch.  ital.  de  biol.,  Turin,  t.  xxiv  (lH95-'96),  pp.  401^18. 
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however,  ia  fully  established  ;  witness  the  experimenta  of  Roux, 
Loeb,  and  otliera.     Flexner  has  recently  studied  with  care  the 
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process  of  regeneration  in  plunarians  with  especial  reference  to 
the  histological  side.* 

Of  these  phenomena  of  regeneration  it  may  be  said  briefly 
that  they  emphasize  most  strikingly  the  cellular  nature  of  the 
neurones,  and  accord  in  nearly  every  particular  with  what  « 
priori  might  have  been  expected. 

I  have  purposely  laid  particular  stress  upon  the  unity  which 
characterizes  the  trophic  functions  of  the  neurone,  because  the 
Walleriun  doctrine  of  trophic  centres  has  been  so  ingrained  in 
our  minds  that  it  is  diflicult  to  disabuse  them  of  the  erroneous 
portions  of  it.  In  making  this  point,  however,  there  has  been 
no  intention  of  giving  the  impression  that  all  portions  of  the 
neurone  are  of  equal  value  from  the  standpoint  of  nutrition. 
Such  an  idea  would  probably  involve  a  fallacy  even  greater  than 
the  one  from  which  we  are  being  emancipated.  Exactly  the 
(wrt  played  by  the  dendrites,  by  the  cell  body,  and  by  the  axone 
in  the  nutritive  processes  it  is  an  yet  impossible  to  say ;  but  that 
each  has  an  important  function  is  certain,  and  that  the  role  of 
the  non-medullated  portions  of  the  neurone  is  somewhat  differ- 
ent from  that  of  the  medullated  seems  very  likely. 

We  have  now  to  turn  our  attention  for  a  short  while  to  the 
phenomena  of  irritability  as  manifested  by  the  neurones,  and 
shall  return  later  to  consider  the  relations  of  the  trophic  func- 
tions to  the  nervous  functions  proper. 

•  Flexner,  S.  Tlie  llci.'ciiiTnlion  of  Die  Xers-ous  Sjsl.'iii  .)f  I*laiiaria 
torva  and  the  Anatomy  of  tlic  Nervous  System  ot  Double- 11  ea<le<l  Forms.  J. 
Morphnl..  Host.,  vol.  xiv  (1807-"98).  pp.  83T-346. 
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THE   IRRITABILITY   OF  THE   NEURONES. 

The  phenomena  of  irritability  of  the  neurones — Applicability  of  the  law  of 
the  conservation  of  energy  in  the  domain  of  animal  life — The  problems 
to  be  solved — Unremitting  character  of  the  activity  of  the  neurones — 
The  majority  of  the  nervous  processes  unconscious — Significance  of  the 
so-called  **  subconscious ''  and  "  inf raconscious '*  centripetal  and  cen- 
trifugal impulses — Question  of  spontaneity  of  neurone  activity — On  the 
transference  of  an  excitation  from  one  neurone  to  another — The  "  neu- 
rone-threshold"— Importance  of  proper  adjustment  of  stimuli — E<1- 
inger's  theory  of  tabes — The  specific  energies  of  nerves. 

The  physiologist  of  the  present  day  sees  in  the  functionB  of 
the  nervous  system,  even  in  those  which  are  most  complicated, 
only  certain  manifestations  of  energy.  Moreover,  he  believes 
that  in  neurones,  as  in  all  other  cells  of  the  body,  and  as  in  the 
world  generally,  the  law  of  the  conservation  of  energy  during 
transformation  holds,  and  consequently  regards  the  phenomena 
of  irritability,  as  exhibited  by  a  neurone  or  by  groups  of  neu- 
rones, as  the  kinetic  representative  of  the  potential  forces  of  the 
cells  and  their  food  stuffs.  The  metabolic  activities  and  the  vital 
manifestations  of  the  cell  are  concomitant  processes — another 
example  of  the  inseparable  connection  which  exists  between 
what  we  term  matter  and  energy.  There  has  been  in  many 
quarters  a  certain  amount  of  hesitancy  in  accepting  the  view 
that  the  capacities  of  the  nervous  system,  particularly  those  of 
the  brain,  are  dependent  directly  upon  the  chemical  and  phys- 
ical alterations  which  are  continually  going  on  within  its  con- 
stituents— a  hesitancy  which,  though  it  has  in  the  past  proved 
a  serious  obstacle  to  progress,  is  happily  now  fast  disappearing. 
For  the  ])lant,  all  the  evidence  goes  to  prove  that  under  the  in- 
fluence of  sunlight  and  heat  marked  chemical  and  physical 
changes  take  place  within  it  which  we  recognize  in  its  vital 
l)rocesses.  In  the  animal,  be  it  granivorous,  carnivorous,  or, 
like  num,  omnivorous,  it  is  tlie  clieniical  energy  introduced  as 
i>48 
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food  which  represents  in  the  main  the  source  of  the  energy  of 
the  organism.  The  recent  accurate  calorimetric  studies  of 
Rubner  *  are  of  much  interest  in  this  connection,  and  demon- 
strate in  a  most  convincing  way  the  applicability  of  the  law  of 
the  conservation  of  energy  in  the  domain  of  animal  life.  While, 
however,  our  present  knowledge  suffices  to  permit  the  recogni- 
tion in  groups  of  living  cells  of  these  broad  general  laws,  which 
were  formerly  thought  by  many  to  be  applicable  only  to  inani- 
mate nature,  it  must  be  admitted  that  in  no  single  instance  are 
the  details  of  the  transformations  of  energy  known  to  us  in  any 
degree  of  completeness.  We  have  not  as  yet  discovered  very 
much  that  is  definite  concerning  the  storing  up  of  energy  in- 
side the  individual  neurones,  and  our  information  relating 
to  the  discharges  of  energy  in  these  structures  is  even  more 
scanty. 

The  physiologists  have  been  struggling  for  fifty  years  or 
more  to  gain  an  insight  into  the  nature  of  what  they  call  nerve 
impulses,  by  which  is  to  be  understood  the  occurrences  inside 
axones — for  example,  at  the  time  when  we  have  good  reason  to 
believe  that  they  are  functionally  extraordinarily  active.  Their 
efforts  have  supplied  us  with  a  multitude  of  data,  physical  and 
chemical,  interesting  enough,  no  doubt,  but  which  can  serve  as 
only  the  barest  prolegomena  to  an  explanation  of  the  essence 
of  the  occurrences.  If  we  are  so  badly  informed  concerning 
these  elementary  and  fundamental  phenomena  we  may  very 
well  be  content  to  be  modest  for  some  time  to  come  in  our 
claims  as  regards  a  physiological  psychology.  It  is  by  no  means 
impossible  that  in  the  nervous  system  forms  of  energy  are  con- 
cerned which  do  not  exist  outside  the  animal  body  and  which 
yet  remain  to  be  recognized  and  studied. 

It  would  be  easy  enough  to  outline  rapidly  the  most  salient 
points  with  which  we  need  to  be  better  acquainted.  The  dif- 
ferences in  neurones  in  different  species  of  animals,  the  influ- 
ence of  heredity  upon  the  structure  of  the  neurones,  the  auto- 
matic activities  in  these  cells,  if  indeed  they  have  any  which 
are  absolutely  automatic,  the  changes  in  neurones  resulting 
from  chemical  and  physical  alterations  in  their  environment, 
their  powers  of  adaptation,  and  many  other  questions  present 

*  Rubner,  M.    Die  Quelle  tier  thierischen  Wiirme.   Ztschr.  f.  Biol.,  Mttnch. 
u.  Leipz.,  Bd.  xxx  (1894),  S.  73-142. 
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themselves,  the  solution  of  any  one  of  which  would  bring  a}>out 
a  great  advance  in  our  knowledge.  Truly,  to  find  out  the 
properties  of  a  single  neurone  would  be  a  task  appalling 
enough,  but  when  we  remember  that  of  the  millions  of  neurones 
in  one  individual  perhaps  no  two  are  just  alike,  the  quest 
would  seem  hopeless.  But  instead  of  burying  ourselves  in 
pessimistic  reflections,  or  being  discouraged  by  what  is  at  pres- 
ent unattainable,  by  what  may  perhaps  forever  remain  to  us 
unknowable,  we  may  profitably  turn  to  the  consideration  of 
some  of  the  points  which  lie  more  within  our  ken. 

One  point,  self-evident  enough  when  one^s  attention  is 
directed  to  it,  but  which  often  appears  to  have  been  overlooked 
in  connection  with  the  neurones,  is  the  unremitting  character 
of  their  activity.  AVith  a  metabolism  so  complicated  as  that 
occurring  within  the  nerve  units  it  is  inconceivable  that  there 
can  be  any  period  in  which  alterations  in  chemical  structure, 
and  consequently  energy  transformation,  are  not  going  on. 
From  moment  to  moment,  throughout  all  the  hours  of  the  day 
and  night,  analytic  and  synthetic  processes  are  taking  place, 
associated  with  the  alterations  in  physical  forces  which  neces- 
sarily accompany  these  changes.  In  common  with  everything 
that  lives,  the  neurones  know  no  absolute  repose.  As  I  have 
said,  in  speaking  of  their  metabolism,  periods  of  extravagant 
activity  may  alternate  with  periods  of  more  economic  change, 
but  total  rest  is  inconsonant  with  continuance  of  existence. 
We  are  forced  to  believe  that  what  we  ordinarily  speak  of  as 
the  passage  of  a  nerve  impulse  represents,  as  it  were,  a  stormy 
process  in  the  nerve  fibre,  and  that  just  as  absence  of  a  storm 
does  not  mean  absence  of  weather,  there  are  in  all  probability 
minor  alterations,  currents  if  you  will,  passing  to  or  fro  or  to 
and  fro  in  a  given  nerve  fibre  in  the  intervals  between  the 
more  violent  excitations.  With  increasing  knowledge  the  im- 
portance of  centripetal  impulses  which  fall  below  the  thresh- 
old <^f  consciousness  and  of  centrifugal  impulses  insufficient  to 
call  forth  visible  muscular  contractions  is  becoming  more  and 
more  e\idont.  In  a  healthy  individual  perhaps  the  majority  of 
the  impulses  passing  from  the  periphery  into  the  nerve  centres 
have  no  share  in  the  composition  of  the  mental  pictures,  but 
these  subconscious  stimulations  are  doubtless  of  decisive  si^rnifi- 
cance  for  the  nutrition  of  the  elements  (*oncenied  and  for  the 
processes  of  subconscious  co-ordination.    Similarly,  the  myriads 
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of  impulses  passing  to  the  muscles  without  producing  marked 
contractions  in  them  must  of  necessity  have  to  do  not  only 
with  the  proper  metabolism  of  the  motor  neurones,  but  also 
with  the  nutritive  processes  in  the  muscles  themselves.  In- 
deed, there  is  much  evidence  to  show  that  the  nutrition  of  the 
muscles  can  be  kept  up  very  well  in  the  absence  of  active  mus- 
cular contractions  so  long  as  these  less  violent  impulses  pass 
regularly  to  them,  but  as  soon  as  the  latter  are  cut  off  the 
muscles  speedily  undergo  atrophy.  This  fact  is  often  extremely 
well  illustrated  in  cases  of  hysterical  patients,  where,  as  is  well 
known,  there  may  be  inactivity  of  certain  muscles  for  very  long 
periods  without  any  very  marked  atrophy.  By  means  of  very 
delicate  graphic  methods  it  can  be  shown  that  the  muscles  in 
such  patients  are  innervated  when  corresponding  movements 
are  thought  of,  just  as  in  a  healthy  individual  the  hearing  of 
the  word  "  tower "  is  often  associated  with  nerve  impulses  to 
the  eye  muscles,  which  tend  to  make  the  individual  look  up. 
The  different  tracings  yielded  by  the  automatograph  during 
various  psychic  processes  may  be  mentioned  as  interesting  in 
this  connection.  The  importance  of  the  continuous  passage  of 
impulses  along  the  sensory  nerves  for  the  carrying  out  of  all 
complicated  movements-  of  the  muscles,  long  emphasized  by 
the  observations  upon  tabes  and  also  upon  cases  in  which  there 
have  been  lesions  of  the  trigeminus,  has  been  made  even  more 
strikingly  evident  by  Mott,  Sherrington,  and  others  who  ex- 
perimented upon  monkeys  in  whom  the  dorsal  roots  of  certain 
of  the  spinal  nerves  had  been  cut.  In  such  animals,  although 
practically  all  the  motor  neurones  (except  the  few  possible 
motor  axones  of  the  dorsal  roots)  are  intact,  and  the  memory 
traces  of  previous  movements  must  be  believed  to  still  exist, 
movements  of  the  limbs  innervated  by  the  corresponding  seg- 
ments of  the  spinal  cord,  those  which  are  complicated  as  well 
as  many  which  are  quite  simple,  are  only  very  inaccurately 
carried  out.  The  continuity  of  the  nerve  excitations  can 
therefore  scarcely  be  insisted  upon  too  forcibly,  and  I  am  in- 
clined to  agree  fully  with  Goldscheider  when  he  says,  '*  E» 
herrscht  eine  zeitliche  Continuittit  von  Erregungen  in  alien 
Bahnen  des  Nervensystems."  As  Donaldson,*  writing  in  this 
connection,  beautifully  puts  it :  "  In  this  picturing  the  entire 


*  Op.  ciL,  p.  284. 
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nerrous  system  as  a  sensitive  mechanism,  it  is  evident  that  it 
must  respond  to  the  surrounding  stimuli  as  does  the  water  of 
a  lake  to  the  breeze;  and  such  is  the  relation  between  the 
central  system  and  its  enyironment  that  the  breeze  is  alwaya 
blowing  and  the  waves  of  change  always  chasing  one  another 
among  the  responsive  elements.  If  there  are  no  waves,  then 
the  cells  are  dead.  The  breeze  still  blows,  but  it  falls  on  a 
frozen  surface,  on  cells  chilled  and  rigid  beyond  the  power  of 
response." 

The  influence  of  the  arrival  or  non-arrival  of  external  stimuli 
to  the  neurones  upon  their  trophic  and  nervous  functions  will 
be  referred  to  a  little  later.     If  among  external  stimuli  we 
class  not  simply  those  outside  the  body,  in  which  event  a  very 
minute  fraction  of  the  whole  number  of  neurones  would  be 
directly  accessible  to  external  stimuli,  but  all  those  external  to 
a  given  neurone,  including  those  arriving  through  the  lymph 
which  bathes  it,  or  by  means  of  the  processes  of  other  neurones 
which  enter  into  relations  of  conduction  with  it,  we  shall  come 
to  the  conclusion  that  the  limits  of  genuine  spontaneity  of 
action  on  the  part  of  neurones  are  very  narrow ;  indeed,  some 
authors  would  deny  its  existence  altogether.     Von  Lenhossvk, 
for  example,  says :   "  Man   darf   den  Satz  wohl  als  gesichert 
betrachten,  dass  es  keino  Xervenzelle  giobt,  die  ihre  Nerven- 
wirkungen  aus  sich  selbst  heraus,  ohne  aeussere  Impulse,  spon- 
tan  entfalten  konnte."     The  reflex  actions  are  very  obviously 
dependent  upon  external  influences,  as  are  also  the  instinctive 
reactions,  and  what  we  call  volitional  movements  are,  when 
analyzed,  apparently  only  reactions  to  external  influences  modi- 
fied by  memories.     We  must  not  lose  sight  of  the  fact,  how- 
ever, that  there  may  be  periods  of  considerable  length  inter- 
vening between  the  arrival  of  the  external  influence  and  the 
discharge  of  energy  which  it  determines  or  helps  to  determine, 
just  as  we  know  that  the  springs  of  conduct  often  lie  far  re- 
moved from  immediate  acts.     And  it  is  just  here  that  the  laws 
bearing  upon  the  summation  of  stimuli  *  assume  an  especial 
interest,  although    they  must  be  passed  by  now  without   dis- 
cussion. 


*  Cf.  Du  Hc^is-Reyniond.  Ueber  die  Aiislosung  von  Rcflexbewe|^aiigeQ 
durch  eine  Summe  schwachcr  Roize,  1880;  also  the  review  of  this  subject  by 
S.  Kxiier.  Kntwurf  zu  einer  physinlogischen  Erkljirung  der  psychiacheii 
Ilrsfheinungen  1  Theil,  Lcipz.  u.  Wieii.  8vo  (1894),  Cap.  ii,  S.  49. 
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Of  the  physiology  of  the  transference  of  an  excitation  from 
one  neurone  to  another,  a  word  may  be  in  place.  All  our 
knowledge  of  sensation  goes  to  indicate  that  a  certain  minimal 
amount  of  stimulation  is  necessary  to  call  forth  a  reaction ;  for 
example,  to  stimulate  a  pressure  point  in  the  skin  a  certain 
amount  of  pressure,  say  from  a  hair,  is  required  to  elicit  the 
sensation  of  touch.  Any  pressure  less  in  amount  will  not  suf- 
fice. That  is  to  say,  the  touch  point  has  a  "  threshold  value."  * 
In  the  same  way  there  are  threshold  values  for  the  various  cold 
points,!  warm  points,  and  pain  points,  and  in  connection  with 
the  special  sense  organs  much  work  has  been  done  upon  the  spe- 
cial threshold  stimuli  which  will  call  forth  sensations  of  light, 
smell,  sound,  and  taste.  It  is  obvious,  if  the  neurone  doctrine 
be  true,  that  for  the  spreading  of  an  impulse  or  excitation 
through  the  nervous  system  one  neurone  must  act  as  the  exci- 
tant upon  the  neurone  or  neurones  beyond  it  which  stand  in 
conduction  relation  with  it.  It  seems  highly  probable,  there- 
fore, that  each  neurone  has  a  special  threshold  value.  Gold- 
scheider,!  in  a  brilliant  essay  recently  published,  has  defined  the 
"neurone  threshold"  (Neuronschwelle)  to  be  the  degree  of  ex- 
citation of  a  neurone  which  just  suffices  to  call  forth  a  fruitful 
excitation  in  a  neurone  with  which  it  is  in  contact ;  that  is,  that 
sufficient  to  call  forth  a  sensation,  a  movement,  etc.  If  this 
view  be  correct,  the  resistance  in  the  passage  of  the  excitation 
from  neurone  to  neurone  would,  Goldscheider  believes,  lie  at 
the  point  of  contact  or  of  concrescence  of  the  neurones.  A 
series  of  new  problems  are  opened  up  by  this  suggestion,  not 
only  with  regard  to  the  easier  propagation  of  impulses  in  habit- 
ual nerve  processes  (Bahnung)  and  with  regard  to  the  phe- 
nomena of  inhibition  {Hemmung)^  but  also  with  regard  to  the 
therapy  of  nervous  diseases,  especially  the  explanation  of  phys- 


*  Cf,  V.  Frey,  M.  Untersuchungen  Qber  die  Sinnesfunctionen  der 
menschlichen  Haut.  Erste  Abhandlung :  Druckempfindung  und  Schmerz. 
Abhandl.  d.  roath.-phys.  CI.  d.  K.  S&chs.  Gesellsch.  d.  Wissensch.,  Bd.  xxiii 
(1896),  No.  3,  S.  168-266. 

f  Barker,  L.  F.  Ueber  einen  Fall  von  einseitiger,  umschriebener  und 
«lektiver  sensibler  L&hmung.  Deutsche  Ztschr.  f.  Nervenh.,  Leipz.,  Bd. 
viii  (1895-'96),  S.  348-358.  Also  Transl.  in  J.  Exper.  M.,  Bait.,  vol.  i  (1896), 
pp.  348-360. 

X  Goldscheider,  A.  Die  Bedeutung  der  Reize  fiir  Pathologie  und  Tbe- 
Tapie  im  Lichte  der  Neuronlehre,  Leipz.  (1898),  8vo,  S.  1-68. 
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ical  therapeutic  methods  like  massage  and  hydrotherapy.  The 
monograph  comes  to  hand  too  late  to  be  reviewed  here  in  detail, 
but  every  neurologist  will  be  repaid  by  a  careful  perusal  of  it. 

The  importance  of  normal  adequate  stimuli  for  the  welfare 
of  the  neurones  in  health  can  no  longer  be  questioned.  As  van 
Gehuchtcn  has  emphasized,  without  stimuli  there  can  be  no  life. 
For  the  maintenance  of  absolutely  perfect  function  the  relation 
of  stimuli  to  the  reparative  nutritive  power  of  the  cell  must  be 
absolutely  and  perfectly  adjusted.  Just  here  the  Ersatz-Theorie 
of  tabes  elaborated  by  Edinger  can  be  easily  understood.  £din- 
ger,  under  the  influen(»e  of  Weigert,  assumes  that,  if  stimuli  be 
received  in  excess,  a  nerve  cell  is  no  longer  able  in  the  intervals 
of  active  function  to  repair  the  loss  sustained  by  the  functional 
activity.  As  a  result,  progressive  degeneration  ensues.  In  cer- 
tain diseases  like  tabes  there  is,  in  his  opinion,  an  abnormal 
impairment  of  the  power  of  restitution  on  the  part  of  the  nerve 
cell,  so  that  a  given  neurone  is  no  longer  able  to  keep  up  its  nu- 
trition even  when  the  stimuli  reaching  it  are  not  in  excess  of 
what  would  be  normal  in  a  healthy  body.  As  a  therapeutic 
measure  in  tabes,  therefore,  he  urges  the  importance  of  giving 
more  than  usual  rest  to  the  neurones  which  are  degenerating. 
Thus,  a  man  who  has  been  compelled  to  be  much  upon  his  feet, 
and  who  suffers,  say,  from  lumbar  tabes,  would  be  ordered  rest 
in  bed.  In  cases  of  ])rachial  tabes,  exercise  of  the  arms  would 
be  interdicted.  With  beginning  degeneration  of  the  optic  paths 
reading  and  all  unnecessary  use  of  the  eyes  would  be  proscribed. 
Edinger  asserts  that  he  has,  in  many  instances,  not  only  been 
able  to  arrest  the  progress  of  the  disease  in  this  way,  but  to 
markedly  ameliorate  symptoms  already  present. 

In  many  cases  of  neurasthenia  associated  with  pathological 
painful  sensations  in  <me  part  of  the  body,  the  symptoms  can 
be  relieved  by  increasing  the  number  of  stimuli  entering  the 
central  nervous  system  by  means  of  sensory  neurones  distrib- 
uted to  other  parts  of  the  body,  by  massage,  faradization,  hydro- 
therapy, etc.  It  is  not  impossible  that  the  beneficial  effects  of 
counter-irritation  are  to  receive  their  explanation  in  a  similar 
way.  It  will  be  the  task  of  the  clinical  neurologist  in  the  future 
to  decide  from  his  study  of  a  given  case  as  to  the  existence  of 
abnormal  neurone-threshold  values  ;  lurther,  what  neurones  are 
receiving  an  excess  of  stimuli  and  what  neurones  are  bein^  in- 
sufficiently stimulated,  and  to  outline  his  treatment  according'ly^ 
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The  doctrine  of  the  specific  energies  of  nerves,  since  the 
time  of  its  formulation  by  Johannes  Miiller,  has  taken  a  promi- 
nent place  in  nerve  physiology.  The  view  of  Miiller  has  been 
much  misunderstood  and  often  misstated,  and  many  modifica- 
tions of  it  have  been  suggested.*  It  has  been  left  for  the  neu- 
rone doctrine  to  explain,  if  it  can,  why  it  is  that  on  stimulation 
of  the  retina  or  of  the  optic  nerve,  for  example,  the  response 
always  occurs  in  one  and  the  same  manner ;  no  matter  whether 
the  stimulation  be  by  normal  methods  or  by  mechanical  or  elec- 
trical means,  the  sensation  of  light  or  of  color  alone  is  yielded ; 
or  how  it  happens  that  when  a  "  cold  point "  in  the  skin  is  stim- 
ulated, whether  it  be  with  ice,  the  prick  of  a  sharp  toothpick^ 
an  electrical  current,  br  a  piece  of  hot  wire  (paradoxical  cold 
reaction  of  von  Frey),  the  sensation  of  cold  always  results. 

The  constancy  of  the  quality  of  the  reaction,  despite  the 
variability  in  the  form  of  the  external  stimulus,  is  one  of  the 
most  puzzling  of  the  phenomena  with  which  the  neurologist 
has  to  deal.  While  some  physiologists  would  attribute  the 
whole  essence  of  the  process  to  the  characters  of  the  peripheral 
apparatus  with  which  the  nerves  are  connected,  maintaining 
that  the  position  of  the  centres  at  which  the  stimuli  arrive  at 
birth  is  a  matter  of  little  significance,  others  hold  that  the  sort 
of  response  evoked  is  dependent  entirely  upon  the  central  region 
affected  by  the  stimulus,  which  would  mean  that  the  specific  en- 
ergies belong  to  the  centres  and  are  practically  independent  of 
the  periphery.  It  seems  to  me  that  each  of  these  doctrines, 
though  supported  by  distinguished  neurologists,  is  necessarily 
incomplete.  Is  it  not  much  more  likely  that  in  the  gradual 
process  of  development  and  modification  peripheral  and  central 
organs  have  been  correlatively  differentiated  ?  We  can  not  think 
that  the  various  modifications  of  apparatus  mediating  between 
the  external  physical  influences  and  the  most  peripheral  por- 
tions of  the  sensory  neurones  of  different  kinds  represent  acci- 
dental structures  which  have  no  physiological  import,  nor  can 
we  imagine  that  were  the  central  projection  fields  in  the  cere- 
bral cortex,  at  which  the  sensory  impulses  arrive  from  the  dif- 
ferent parts  of  the  periphery,  of  no  specific  significance  for  the 
origin  of  the  different  sensations,  they  would  present  for  the 


*  For  a  clear  and  complete  account  of  the  doctrine  the  reader  is  referred 
to  A.  Goldscheider's  article:  Die  Lehre  von  den  specifischen  Energieen  der 
Sinnesnerven,  Berlin,  1881. 
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different  sensations  so  absolutely  specific  a  structure.*  The 
pathological  eases  again,  in  which  direct  irritation  of  these  areas 
in  the  cortex  has  called  forth  definite  sense  perceptions,  speak 
for  a  direct  relation  of  these  centres  to  the  specific  energies  of 
the  sensory  nerves.  Odors,  images  of  colored  objects,  of  mus- 
cular movements,  and  of  sounds  have  been  experienced  by  indi- 
viduals suffering  from  the  pressure  of  cysts  and  other  bodies 
upon  the  corresponding  cortical  sense  areas. 

The  question  is  still  obscure,  nor  have  we  much  promise 
that  it  will  speedily  be  satisfactorily  explained.  Von  KoIliker,f 
in  a  discussion  of  the  physiological  functions  of  the  elements 
of  the  brain,  thinks  that  all  nerve  cells  possess  in  the  beginning 
essentially  the  same  function,  and  that  the  manifestation  of 
function  depends  entirely  upon  the  manifold  external  influences 
or  stimuli  which  affect  them,  and  upon  the  many  possible  modes 
of  responding  to  these  excitations.  J 


* ''  Die  handgrei  flic  hen  Unterschicde  im  Bau  der  Central  windungen,  der 
Kinde  der  Fissura  calcarina,  des  Gyrus  hippocampi,  etc.,  sind  schon  lange 
bekannt,  wenn  auch  sonderbarerweise  nicht  recht  gewQrdigt.**  P.  Flechsig, 
Gehirn  und  Seele,  II  Aufl.,  Anm.  31. 

t  Op.  ciL,  Bd.  ii,  S.  803-813. 

X  ''  So  drgngt  sich  doch  zuletzt  die  Ueberzeugung  zwiugend  auf,  dass  alle 
Ner?enzellcn  von  Ilause  aus  wcsentlich  dieselbe  Funktion  besitzen,  und  dasB 
das  Inslebentrcten  derselben  einzig  und  allein  von  den  mannigfachen 
Ausseren  Einwirkungen  oder  Reizen,  welche  dieselben  treffen  und  Ton  den 
vielen  M5glichkeiten  einer  Beantwortung  dieser  Erregungen  abhftng^' 


»• 


CHAPTKR   XXII. 

THE    NEURONE    AS    A    UNIT   OP    ((ERV0U3    FUNCTION. 

Participation  at  all  parts  of  the  neurone  in  th«  phenomena  ot  iiritshilitj — 
Functions   of  the   cell    bodios — Views   regarding  the   nature   ot  the 

lie  nd  rites. 

With  the  concept  we  have  gained  of  the  neurone  with  all 
its  parts,  as  a  cell,  and  of  the  unity  which  characterizes  the 
various  steps  in  its  metabolism,  it  would  almost  seem  idle  to 
devote  time  to  the  (juestion  of  the  exiateiice  of  a  unity  in 
nervous  function ;  the  latter  would  appear  to  be  a  necessary 
corollary,  and  I  should  not  discuss  this  topic  at  all  were  it  not 
that  some  of  the  most  distinguished  investigators  have  assumed 
that  only  a  part  of  the  neurone  is  concerned  in  the  actual  nerve 
function,  in  the  phenomena  of  irritability,  in  the  transmission 
of  impulses,  and  the  like.*  Ail  are  agreed  that  the  axone — 
the  axis  cylinder  of  the  nerve  fibre — with  its  endings,  is  active 
in  the  conduction  of  impulses,  but  concerning  the  nerve 
function  of  the  cell  body  and  of  the  dendrites  there  has  been 
much  controversy.  Recalling  for  a  moment  what  was  said  at  the 
beginning  of  theae  remarks  regarding  the  position  assumed  by 
Golgi  as  to  a  diffuse  nerve  network,  it  will  be  remembered  that 
he  excluded  in  the  spinal  cord  the  dendrites  and  the  cell  body 
from  the  reflex  arc.  The  sensory  impulses,  he  thought,  passed 
from  the  sensory  fibres  directly  through  the  fibril  reticulum 
out  along  the  side  fibrils  to  the  axones  of  the  motor  fibres,  and 
thence  along  them  to  the  muaclos.  Accordingly,  he  dnnbted 
the  possession  of  nerve  function  by  the  cell  body  and  dendrites, 
and  assumed  that  they  were  set  apart  to  act  solely  as  nutritive 
structures.  That  the  cell  bodies  themselves  are  concerned 
directly  in  the  nerve  function  can  now  scarcely  be  doubted  by 
any  one,  hardly  even  by  Oolgi  and  Xansen,  since  the  intimate 
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relation  of  axone  and  terminals  to  the  protoplasm  has  been 
clearly  demonstrated  in  certain  instances.  The  origin  of  the 
idea  of  th(»  non-participation  of  the  cell  body  in  the  propagation 
of  nerve  impulses  can  be  accounted  for  by  the  apparent  exist- 
ence of  mechanisms  for  excluding  it  from  the  direct  path  of 
the  current.  A  pregnant  example  offered  was  the  arrangement 
in  the  spinal  ganglion  cell.  For  a  long  time  it  was  held  by 
many  that  the  T-shaj>ed  process  which  brought  the  peripheral 
into  a  direct  line  with  the  central  axone  was  for  the  purpose  of 
cutting  off  the  cell  body  from  the  conduction  path.  This  idea 
was  negatived  by  the  demonstration  of  Wundt  *  of  a  delay  in 
the  passage  of  the  impulse  corresponding  to  its  passage  throngh 
the  spinal  ganglion  of  0.003  of  a  second,  a  result  which  has 
biHMi  contirmed  and  extendeil  by  the  experiments  of  Gad  and 
Josi'ph  u)H>n  the  vagus  of  rabbits.  Moreover,  the  relations  of 
the  prix'esses  to  the  cell  Ixnly  in  the  cochlear  and  vestibolar 
ganglia  of  human  Wings,  as  well  as  those  in  all  the  sensory 
ganglia  of  fishes,  necessitates  the  passage  of  the  impolses  di- 
rtvtly  through  the  cell  iKnlies.  And,  lastly,  the  physiologists 
who  have  studied  such  centres,  as,  for  example,  that  governing 
respiratit>n  in  the  medulla,  and  who  assume  that  excitation  of 
this  centre  can  result  from  the  dire«*t  chemical  action  of  gases 
in  the  bliHHi,  will  not  permit  us  to  believe  that  the  gronp  of 
cell  bvHlies  making  up  the  centn*  is  unconcerned  in  nerroos 
nurhariisins. 

Thert*  has  boon  much  controversial  writing  upon  the  func^ 
tions  ot  the  tlt-rnlrites.  The  arguments  in  favor  of  the  different 
view-?  h;ivf  be»:-Ei  ahly  marshaleil  and  criticised  by  both  von 
Kt'llikor  *  aiL'l  vun  LtuhossOk.*  On  account  of  the  fundamental 
iuu^^.'^rtiiri-e  of  the  t-.»pi«.'  it  will  be  necessary  to  consider  brieflv 
tliir  mui!i  j"»iut.s  bearing  up^^n  it. 

A  riuinsray  of  :hn-  ii^Igi  sch»>.^l  was  the  supposed  direct 
a::av  ::r::v!i:  of  zhft  eivU  ot  the  deQ«.Lrites  to  the  glia  cells  and  to 
w:il'>  f  :he  bL«:N>l-ve<^eIs.  The  supporters  of  the  **  nutrition  ** 
vivA  !>'.  I  :!::i:  rh^  'iriitlrites  rliriuiiih  their  apical  attaclunents 
r*:-  V  r  ^  -'■ :: :  :';:•:  i  i  re  -  ■ :  t  ui :  ri  >  f  ■  ^  r  :  h  r  i  r  i :  r«  >!  uc  c  io  n  of  food 
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from  the  blood-vessels  into  the  nerve  cells.  Now,  while  the 
(iireet  attachment  of  many  of  the  processes  of  glia  cells  to  the 
walls  of  the  blood-vessels  appears  to  have  been  definitely 
proved,  there  is  no  evidence  at  all  that  any  such  arrangement 
commonly  exists  for  the  dendrites  of  the  nerve  cells.  Accord- 
ingto  von  Kolliker,  the  only  attempt  to  picture  such  a  relation 
is  that  of  Sala.*  This  example  of  failure  of  the  dendrites  to 
end  free  must  be  looked  upon  as  an  unusual  observation.  Even 
if  it  be  confirmed,  the  experience  of  every  one  who  works  with 
the  silver  method  must  convince  him  that  such  a  relation  is 
highly  exceptional.  Moreover,  studies  upon  the  histogenesis  of 
the  nerve  centres  reveal  no  distinct  reciprocal  relations  between 
the  blood-vessels  and  the  dendrites. 

This  connection  with  the  blood-vessels  was  thought  by  Golgi 
to  be  the  true  explanation  for  the  existence  of  the  forests  of 
dendrites  which  pass  ont  toward  the  surface  of  the  cerebellum 
and  cerebral  cortex,  and  of  the  dendrites  which  in  the  spinal 
cord  ruQ  out  in  uo  inconsiderable  numbers  into  the  white 
matter  for  some  distance,  and  in  some  animals  (for  example, 
certain  reptiles)  even  to  the  surface,  forming  a  matted  feltwork 
upon  the  exterior  of  the  cord.  Could  any  more  plausible  ex- 
planation be  given  than  that  they,  like  the  roots  of  trees  draw- 
ing juices  from  a  distance,  pass  outward  to  obtain  nutriment 
from  the  blood-vessels  of  the  pia  ? 

That  adendritic  cells  exist,  has  been  adduced  as  an  argument 
against  the  nervous  function  of  the  dendrites  and  in  favor  of 
their  nutritive  function.  So  obvious  a  fallacy  is  hardly  worthy 
of  consideration. 

Some  histologists,  who  concede  that  many  of  the  dendrites 
have  to  do  with  both  nervous  and  nutritive  activities,  believe 
that  dendrites  may  exist  which  possess  only  one  class  of  these 
functions.  Thus,  von  Kiilliker,  while  he  inclines  to  the  view 
that  many  of  the  dendrites  are  concerned  in  conduction,!  is  by 
no  means  willing  to  deny  that  there  are  some  of  them  which  do 
not  play  such  a  part,  but  which  serve  only  to  aid  in  the  nutri- 
tion of  the  cell.     He  emphasizes  the  statement  that  all  the 

•  Sal&,  L.  Zur  teineren  Anatoinio  Jcs  grosson  Spepferdetiisses.  Ztschr.  (. 
wiescnsch.  Zool.,  MQnch.  u.  Lcipz,.  Bd.  lii.  Taf.  v,  Fig.  6. 

f  "Fassen  wir  alles  zusamnirn,  xo  scheint,  wie  dip  Sachen  jHzt  licgen. 
die  Wagschale  doch  in  hohem  Grade  zii  Giinsli'n  der  nerviTsen  Nalur  der 
DentlriUn  lich  zu  neigcD."     Ilandbuch  der  Gcwebelehre,  Bd.  ii.  S.  113. 
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physiological  functions  of  the  spinal  cord  can  be  entirely  satis- 
factorily explained  without  calling  in  the  aid  of  the  den- 
drites.* 

There  is  some  force  in  the  objection  that  there  are  den- 
drites so  situated  in  the  nervous  system  that  they  apparently 
can  not  come  into  conduction-relation  with  structures  belong- 
ing to  other  neurones.  Many  of  the  examples  which  have  been 
brought  forward  to  illustrate  this  point  have  not,  however,  stood 
the  test  of  investigation.  Thus,  Ramon  y  Cajal  and  C.  L.  Sala 
have  demonstrated  in  batrachians  collaterals  from  the  fibres  of 
the  white  funiculi  in  the  spinal  cord  which  run  out  toward  the 
periphery  and  even  to  the  surface  of  the  spinal  cord  to  mingle 
with  the  plexus  of  dendrites  in  that  situation.  In  the  olfactory 
bulb,  however,  and  in  Ammon^s  horn  and  the  fascia  dentata, 
there  are  dendrites  which  appear  to  have  no  direct  relations 
to  the  terminals  of  collaterals  or  axones  of  other  neurones.  At 
any  rate,  such  relations  have  not  yet  been  proved.  Even  von 
Lenhossek,  who  along  with  van  Clehuchten  and  Ram6n  y  Cajal 
is  one  of  the  strongest  supporters  of  the  view  that  many  of 
the  dendrites  are  conductors,  grants  f  that  to  assert  that  the 
disposition  of  the  dendrites  in  the  nerve  centres  depends  en- 
tirely upon  the  establishment  of  functional  relations  among 
different  neurones  is  going  too  far.  He  argues  that  if  this  were 
the  sole  determining  factor  the  organism  could  have  gotten 
along  with  much  simpler  arrangements  than  those  to  be  met 
with  in  many  parts  of  the  central  nervous  system — ^for  exam- 
ple, in  the  molecular  layer  of  the  cerebellar  cortex.  He  wonld 
rather  assume  that  the  excitations  occurring  within  nerve 
colls  are  in  some  way  favored  by  the  fact  that  the  proto- 
plasm of  the  cell  is  split  up  into  a  number  of  fine  processes — 
the  dendrites. 

Let  us  turn  now  to  the  data  whicli  favor  the  assumption 
that  the  dendrites  are  concerned  in  nerve  function  as  well  as  in 
aiding  in  caring  for  tlie  nutrition  of  the  neurone.  The  most 
convincing  evidence  of  nerve  function  in  dendrites  is  that 
offered  by  the  structure  of  those  curious  bodies,  the  olfactory 
glomeruli.      The   view   advan(*ed    by   OwsiannikowJ   and    by 

♦  Op.  n'f.^  S.  126.  f  0/).  rit.,  S.  142. 

X  Owsiannikow,  P.  Ueber  die  fcincro  Structur  der  Lobi  olfaotorii  der 
Saugcthiore.  x\rch.  f.  Anal.,  Physiol,  u.  wissensoh.  Med.,  Leipz.  (I860),  S. 
469-477. 
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Walter,*  that  the  fibres  of  the  olfactory  nerve  on  entering  the 
bulb  from  the  regio  olfactoria  become  directly  continuous  with 
tlie  processes  of  the  large  and  small  nerve  cells  of  the  gray 
matter  of  the  olfactory  lobe,  was  sharply  contested  by  Golgi,f 
who  asserted  that  between  the  fine  fibrils  into  which  the  olfac- 
tory nerve  fibres  break  up  on  entering  the  glomeruli  and  the 
beginnings  of  the  protoplasmic  processes  of  the  cells  of  the  gray 
matter  no  union  can  be  demonstrated ;  nay,  since  sometimes  the 
protoplasmic  processes  stain  when  the  axis-cylinder  processes 
fail  to  take  the  dye,  and  vice  versa^  probably  a  chemical  differ- 
ence between  the  two  sets  of  fibrils  exists. 

Ramon  y  Cajal,J  from  a  careful  study  of  the  glomeruli  with 
the  osmo-bichromate  method,  came  to  the  conclusion  that  the 
only  possible  path  for  the  olfactory  nerve  impulses  is  from  the 
terminals  of  the  olfactory  fibres  in  the  glomeruli  to  the  den- 
drites of  the  mitral  cells,  and  along  these  to  the  cells  whence 
they  follow  their  axones  into  the  olfactory  tract  (Fig.  157).* 
These  observations  and  views  were  confirmed  in  a  large  number 
of  animals  by  van  Gehuchten  and  Martin, ||  as  well  as  by  von 
KoUiker.-^  The  last  states  emphatically  (1)  that  the  dendrites 
can  assume  the  conduction  of  nerve  impulses  and  (2)  that  the 
transference  of  nerve  impulses  from  one  neurone  to  another 
can  take  place  directly  from  fibre  to  fibre,  a  direct  influence 
of  cell  body  upon  fibres  or  of  fibres  upon  cell  bodies  not  being 
essential.  , 

The  existence  of  anatomical  relations  which  render  neces- 
sary the  assumption  of  a  conducting  capacity  for  the  dendrites 
has  been   further   demonstrated   in  the   cerebellar  cortei  by 


♦  Walter,  G.  Ueber  den  feineren  Bftu  des  Bulbus  olfactorius.  Arch.  f. 
path.  Anat.,  etc.,  Berl.,  Bd.  xxii  (1861),  S.  241-259. 

t  Golg^,  C.  Sulla  fina  struttura  del  bulbi  olfattorii.  Riv.  sper.  di  freni- 
at.,  K«ggio-Emilia  (1875),  vol.  i,  pp.  405-425. 

\  Ram6n  y  Cajal,  S.  Origen  y  terminacion  dc  las  fibras  nerviosas  olfac- 
torias.  Gac.  san.  de  Barcel.,  vol.  iii,  1890 ;  also  El  cncefalo  de  los  reptiles 
Barcelona,  1891. 

*  Golgi's  observation  of  fine  axones  entering  the  olfactory  glomeruli, 
other  than  those  of  the  nervi  olfactorii,  has  not,  so  far  as  I  know,  been  con- 
firmed by  others. 

I  van  Gehuchten,  A.,  et  Martin,  J.  Le  bulbe  olfactif  chez  quelques 
mammiferes.     La  cellule,  Louvain,  t.  vii,  fasc.  2,  pp.  205-237. 

^  von  KSlliker,  A.  Ueber  den  feineren  Bau  des  Bulbus  olfactorius. 
Sitzungsb.  d.  phys.-med.  Gesellsch.  zu  WQrzb.,  Jahrg.  (1892),  No.  1,  S.  1-5. 
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Itumun  y  Cnjal;*  in  the  optic  lobe  of  birds  (Fig.  158)  by  ran 
(>ehuchteQ;t  iQ  the  dietribution  of  the  axoneg  of  the  niitml 


i.rt«x..mt(/)t. _ 

rcntral  oritrin.     (AIUt  ICiiiiii^  y  (laJHi. 


if  nianimaU.  A,  the  nlfoctnrT  lohr; 
liryiniic  rrilirifunn  plate  ;  D,  luMtl 
olfHi'tiiry  iioumne  ;  e,  HrboriBiliuii 
ihiH  lit  the  «l&ctur7  tmlh ;  d,  tunall 
ninule  '■  ;  9,  Urge  alpllate  t-ell  with 
■ular  kyiir ;  j.  HrlxiriBitiini  of  flbrva 


I'L'lIs  of  the  olfactory  lolie  By  Cullejii ;  J  and  in  the  retina  by 
Dogiel.*  Thtre  can,  therefore,  Ikj  no  doubt  that  certain  of  the 
dendrites  arc  capable  at  leust  of  receiving  excitations  and  of 
pjjiyiiig  a  piirt  in  tbeir  further  propagation.  Ramdn  y  Cajal, 
van  Gehuchten,  Ib^tKius,  and  von  Lenhossek  have  therefore  en- 
deavored to  extend  the  view  so  as  to  make  it  hold  in  gcnertd 
for  all  dendrites,  and  liavc  assumed  that  the  most  common  mode 


*  Uanion  7  Cajal,  S.  SiKniAciktiiin  flsEuloj^ica  ilo  las  expanaionea  protiv 
plasiniilipaM  y  in-rvosins  do  Ian  ci^lulaa  do  la  suslBtinia  gris.  Rev.  de  cioii, 
iiu'-d.  do  BarM.  (IS!>I).  Aflo  xvii,  p.  r.TS. 

+  van  {jchiitliti'ii.  A.  Iji  slructiirp  lies  lobes  optiqucs  ehe»  rembryon  de 
piiiilPt.    ColluU',  Lierro  ot  Ixiuvain,  t  viii  (1883).  faac.  i,  pp.  1-43. 

t  <'alloja.  C.     La  n'gioii  olfscturia  ilt'l  ecrcbro,  Sladriii,  1803, 

"  Dogiid,  A.  S.  Eiii  bftsondprcr  Tyjius  vuii  Wrvpii^cllen  in  der  mittleren 
gangliuDcn  S;iiit:1it  dur  Vuj^ol-Uotiiio.  Anat.  Auz..  Jcno,  lid.  x  (1896),  Mo.  28, 
S.  7.W-TOO. 
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of  transference  of  a  nerve  excitation  from  one  neurone  to  a 
second  is  by  means  of  the  contact  of  the  termiaals  of  an  axoae 
of  the  former  with  the  dendrites  of  the  latter,  a  conclusion 
which  would  seem  to  be  scarcely  warranted  by  the  facts  at  pres- 


Fio.  158.— Section  tlirougli  the  uiitic  lube  of  the  enibira  vhivk.  lAflir  A.  van 
(hhui-hteii.  Cellule,  Lii-ne  et  I...uvBiti,  t.  viii.  1892.  PI.  [,  tlj;.  l.i  In  thu 
I'xti'rnal  Uri'r  A  an'  rr|iresi.-nti-<l  the  tcniiiiuilH  uf  the  Qbrrs  or  rcUnal  origin 
ill  the  Inyrr  B  ure  hIiohii  Hcveral  nerve  cellH  of  the  nikldle  zone  of  (he  oplii 
lobe;  fr,  lonc  or  p('ri|>henil  nervr  flhrrs  ;  a  aud  b,  HU|ierflcial  arboriEutiomi , 
c  anil  d,  deep  urhnriaitinnH ;  t.  reclsnKular  arhurizatitinit ;  /.  euhiiiilal  iirburi' 
xatioiu.  The  niTve  rells  nhow  intenuil  dendriteH  nmniroldly  hnini'hed,  am' 
a  larKU  peripheral  dcndriU'  whieh  terniiiuitea  Ht  ditTerent  levels  in  the  uiit^- 
layiT,  Miuietinica  it)  )iy  n  hiiriamta]  arlHiriEatiuii  at  tlie  level  iif  the  dee 
retinal  arlKirizatiiin.  The  aiune  nrlM'H  fmm  the  peripheral  dendrite  an< 
runs  throUKh  the  middle  \»yvi,  giving  ufT  iiuineruus  cullutenilx.  J. 


ent  estublished.     That  it  la  one  method  of  transference  ia  cer- 
tain; but  that  there  are  others,  for  example,  through  direct 
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contact  or  concrescence  of  axone  terminals  with  the  protoplasm 

of  the  cell  body,  all  grant. 

It  may  be  worth  while  to  point  out  just  here  a  certain  fallacy  of 
generalization  to  which,  curiously  enough,  attention  appears  not  to 
have  been  called.  Evidence  has  been  adduced  which  demonstrates 
indubitably  that  in  certain  parts  of  the  nervous  system  the 
anatomical  relations  are  such  tliat  a  conducting  function  for  the 
dendrites  must  be  admitted.  This  proof  was  brought  forward  as 
one  of  the  means  of  demonstrating  the  nervous  function  of  the 
dendrites.  But  some  writers  appear  to  take  it  for  granted  as  a 
necessary  sequence  that  dendrites  for  which  no  such  anatomical 
relations  are  demonstrable  possess  no  nerve  function.  If  this  were 
sound  reasoning,  we  should  have  to  assume  that  the  transference  ci 
impulses  from  one  neurone  to  another  made  up  the  sum  total  of  the 
nervous  functions,  an  absurdity  too  obvious  to  need  further  discus- 
sion. We  have  not  the  right  to  draw  our  deductions  from  any  one 
factor  to  the  exclusion  of  all  other  coexisting  influences.  It  is 
surely  easy  to  t*onceive  of  a  participation  of  the  dendrites  in  the 
nerve  functions  of  the  neurone,  even  if  they  stand  in  no  direct  rela- 
tion either  of  receiving  or  discharging  to  another  neurone  oir  set  of 
neurones.  Indeed,  granted  that  one  portion  of  a  single  cell,  as  we 
believe  a  whole  neun^ne  to  be,  possesses  nerve  function,  the  onus  oi 
pnwf  upon  the  question  of  the  nature  of  another  portion  of  thi^ 
cell — for  example,  the  dendrites — lies  with  those  who  deny  the 
nervous  function,  not  with  those  who  maintain  it 

Now  that  the  cell  body  of  the  neurone  is  known  to  possess 
nerve  function,  the  fact  that  the  axone  often  comes  off  from  a 
dendrite  instead  of  from  the  cell  bodv  is  further  CTidence  in 
favor  of  the  identity  or  at  least  similarity  of  function  of  cell 
body  and  dendrites.  This  conclusion  would  agree  strikinglT 
with  the  morphological  resemblances  revealed  by  the  method  of 
Nissl.  Further,  if  anaxones  are  to  be  regarded  as  nerre  ceIU» 
as  seems  almost  certain,  the  dendrites  must  surely  poaocan  nerre 
function. 

That  the  axones  are  concemeii  in  the  nerve  fnnctioii  of  the 
neurvme  has,  s*.>  far  as  1  know,  never  been  questioned.  It  is 
generally  believed  that  in  the  conduction  of  the 
there  can  be  no  transference  from  one  neurone  to 
except  in  iht-««se  parts  in  which  the  myelin  sheath  is  not 
— that  is,  for  the  majority  of  near»»nes,  so  far  Si?  the 
concemei.  or.ly  in  the  rejdon  of  its  terminals  and 
the  short   nt.'ii-medullated  pi.>rtion  immediately  adJMcnft  to  tbe 
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nerve  cell.  This  statenuent  is  equally  true  of  the  collaterals, 
for,  as  Flechsig  *  has  shown,  these  branches,  at  least  in  the 
cerebral  cortex,  are,  like  the  main  axones,  provided  with 
medullary  sheaths.  We  have  indubitable  evidence,  too,  that 
the  majority,  if  not  all,  of  the  collaterals  of  the  dorsal  root 
fibres  within  the  spinal  cord  are  medullated.  The  side  fibrils 
of  Golgi  are  non-medullated,  and  from  the  studies  of  von  Len- 
hoss^k,  Ap&thy,  Held,  and  Bethe  may  probably  be  important 
agents  in  the  transference  of  impulses  from  neurone  to  neurone. 
The  relation  in  which  the  side  fibrils  stand  to  the  neuropilum 
in  invertebrates  has  already  been  referred  to. 


♦  Flechsig,  P.  Ueber  eine  neue  Fftrbungsmethode  des  centralen  Nerven- 
systems  und  deren  Ergebnisse  bezilglich  des  Zusammenhanges  von  Gan- 
glienzellen  uDd  Nervenfasern.  Arch.  f.  Anat.  u.  Physiol.,  Leipz.,  Physiol. 
Abth.  (1889),  S.  537. 


CHAPTER   XXIII. 

ON   THE     DIRECTIOX   OF   CONDUOTIOX   IN   THE    NEURONES     AND 
THE   THEORY   OF  THEIR   DYNAMIC   POLARITY. 

Direction  followed  by  nerve  impulses  in  their  passage  through  neurones — 
Celluliiwtal  and  cellulifugid  conduction— Theory  of  the  dynamic  polar- 
ity of  the  nerve  elements — Question  of  possibility  of  conduction  in  both 
directions  in  axones  and  dendrites. 

We  have  now  to  deal  with  the  question  of  the  direction 
followed  by  a  nerve  impulse  in  its  passage  through  a  neurone, 
and  have  to  consider  the  evidence  for  and  against  the  view  that 
the  impulses  in  a  given  variety  of  cell  processes  take  always 
the  same  direction.  The  liypothesis  that  in  the  neurone  the 
dendrites  represent  the  apparatus  for  receiving  nerve  impulses, 
conducting  always  in  the  direction  of  the  cell  body  (cellulipetal 
conduction),  the  axones  being  the  discharging  processes  con- 
ducting always  in  a  direction  away  from  the  cell  body  (eellulif- 
ugal  conduction),  advan(ted  first,  I  believe,  by  van  Gehuchten  in 
April,  1801,*  has  been  strongly  advocated  also  by  Ramon  y  Cajalf 
in  an  article  in  wliich  he  deals  with  "  the  theory  of  the  dynamic 
polarity  of  the  nerve?  elements."  Retzius  J  has  declared  also  in 
favor  of  this  view,  and  it  has  been  adopted,  though  in  a  some- 
what modified  form,  by  von  KoUiker,  Waldeyer,  von  Lenhossek, 
and  others.  In  the  embryological  considerations  of  His  and  of 
Mall  it  met  with  approbation,  since  a  priori  nothing  could  be 
more  natural  than  that  the  processes  developed  upon  the  end  of 
the  cell  originally  directed  toward   the  outside  of  the   body 


*  van  Goliuchten,  A.  I.a  structure  des  centres  nerveux.  Lia  moelle 
epini5re  ot  le  corvelet.     Cellule.  Lierre  et  Louvain,  t.  vii  (1801),  p.  101, 

f  Ramon  y  Cajal,  S.  Significacion  lisiol6giea  de  las  expansiones  pio- 
toplusmaticas  y  niTviosas  de  las  celulas  de  la  sustancia  gris.  Rev.  de  cien. 
nu'd.  de  Barcei.,  vol.  xvii  (1801).  p.  073. 

^Ketzius.  UelxT  die  neueron  Prinzipieu  in  der  Lchre  von  der  Bin* 
richtunj:  dos  seiKsibh-n  Nervensystems.  Biol.  Untersuch.,  Stockholm,  n.  P., 
Bd.  iv,  1S92. 
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should  serve  for  the  reception  of  stimuli.*  The  actual  proof  of 
cellulipetal  conduction  in  dendrites  is  established  by  the  obser- 
vations previously  mentioned,  which  demonstrate  their  con- 
ducting capacity ;  above  all,  by  those  bearing  upon  the  structure 
of  the  mitral  cells  and  the  relation  of  their  dendrites  to  the 
olfactory  glomeruli.  The  galvanometric  experiments  of  Mis- 
la  wsky  f  have  led  him  to  support  the  doctrine  of  cellulipetal 
conduction  in  dendrites. 

That  the  axones,  at  least  when  engaged  in  those  of  their 
functions  with  which  we  are  acquainted,  conduct,  as  a  rule, 
cellulif  ugally  is  immediately  apparent.  Among  other  examples 
we  have  the  passage  of  impulses  along  the  pyramidal  tracts  or 
along  the  motor  nerves  from  the  ventral  horns  to  the  muscles, 
or,  again,  in  the  dorsal  funiculi  of  the  spinal  cord  or  in  the 
optic  nerve.  From  the  nature  of  things  in  motor  neurones 
the  cellulifugal  impulses  passing  along  the  axones  are  also  cen- 
trifugal impulses;  while  in  the  sensory  neurones  within  the 
central  nervous  system  the  cellulifugal  impulses  in  the  axones 
are,  as  a  rule,  centripetal.  This  is  not,  however,  tantamount 
to  saying  that  centripetal  impulses  are  always  descending, 
and  that  centripetal  impulses  are  always  ascending,  although 
this  holds  as  a  general  rule.  An  example  of  an  exception  is  to 
be  found  in  the  descending  limb  of  the  Y-shaped  divided  dorsal 
root  fibre  which  passes  downward  to  terminate  in  the  gray 
matter  of  a  lower  level  and  is  undoubtedly  a  centripetal  fibre. 

Are  there  exceptions  to  the  law  of  cellulipetal  conduction 
in  dendrites  and  of  cellulifugal  conduction  in  axones?  This 
question,  according  to  our  present  knowledge,  must  be  answered 
in  the  affirmative.  In  those  dendrites  from  which  occasionally 
an  axone  takes  its  origin  it  is  obvious  that  the  conduction  in 
the  portion  of  the  dendrites  between  the  general  cell  body  and 
the  axone  hillock  must  be  cellulifugal,  not  cellulipetal,  a  diflS- 
culty  of  nomenclature  which  can  be  obviated  by  adopting  the 
suggestion  of  von  Lenhossek,  who  recommends  describing  the 
impulses  in  dendrites  as  being  axopetal  rather  than  cellulipetal. 
But   in  this   way   we   are  thrown  on  tlie  other  horn  of  the 


*Cf.  Mall,  P.  P.  Histogenesis  of  the  Retina  in  Amblystoraa  and 
Nectunis.    J.  Morphol.,  Bost.,  vol.  viii  (1893),  pp.  415-432. 

f  Mislawsky,  N.  Snr  le  role  physiolopjique  ties  dendrites.  Compt.  rend. 
Soc.  de  bioL,  Par.  (1895),  10.  s.,  t.  ii,  p.  488. 


268 


THE  NERVOUS  SYSTEM. 


dilemma  when  we  consider  the  direction  of  conduction  in  the 
dendrites  of  an  anaxone — for  example,  in  the  amacrine  cells 
of  the  retina.  Where  there  is  no  axone  it  would  be  absurd  to 
speak  of  axopetal  impulses.  The  argument  that  there  are 
dendrites  which  stand  in  no  relation  with  processes  of  other 
neurones  which  would  permit  of  any  transference  of  impulses 
makes  against  the  doctrine  of  the  universal  cellulipetal  con- 
duction of  dendrites.  Further,  if  there  is  ever  a  transference 
of  impulses  from  one  neurone  to  another  by  means  of  the  inter- 
woven dendrites  of  two  neurones,  a  view  which  von  Bechterew 
strongly  supports,  it  is  obvious  that  with  a  given  impulse  the 
direction  of  the  conduction  in  one  of  the  sets  of  dendrites  must 
be  cellulifugal  and  axof ugal.  Von  Bechterew,  in  corroboration 
of  his  hypothesis,  describes  the  intimate  relations  of  certain 
dendrites  of  the  two  halves  of  the  cord  in  the  ventral  commis- 
sure, and  of  those  of  the  anaxones  in  the  olfactory  lobe  with 
those  of  the  mitral  cells ;  further,  he  adduces  as  instances  the 
dendrites  in  the  molecular  layer  of  the  cerebral  cortex,  and  es- 
pecially those  of  the  nuclear  layer  of  the  cerebellum.  Interest- 
ing as  the  hypothesis  is,  there  is,  as  yet,  no  proof  of  its  truth. 

Nearly  all  writers  have  agreed  that  in  vertebrates  in  the 
typical  monaxones  the  conduction  along  the  axones  is  cellulif- 
ugal. In  the  diaxones,  however,  the  same  rule  need  not  hold. 
If  we  look  upon  the  spinal  ganglion  cells  as  diaxones,  then,  ob- 


Vui.  159. — Spinal  cord  of  amphioxun.  (After  Rt^tziiiK.)  aJlr,  outer  angle  of  qiinal 
rorfl ;  we,  nu'tliaii  line;  «,  wnsory  nerve  rtH>ts;  m\  bi^lar  nnKHon  celbt, 
the  main  pnM*e,ss<'s  of  which  run  longitudinally  and  divide  dicfaotomously 


pnM*e,ss<'s  ol  wliicn  run  longitudinally 
(T-Hhaped),  s<>iKling  one  hmnch  into  a  wnsory  root. 


viously,  the  direction  of  the  conduction  of  the  sensory  impulses 
in  the  peripheral  axone  is  cellulipetal ;  in  the  central  axone, 
cellulifugal.  Those  who  have  committed  themselves  to  the 
doctrine  of  universal  cellulifugal  conduction  in  axones  hare 
denied  that  the  axis  cylinder  of  the  peripheral  sensoiy  nerve 
fibres  is  really  an  axone,  assuming  it  to  be  rather  dendritic  in 
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nature.*  The  fact,  too,  that  the  axis  cylinder  of  the  peripheral 
fibre  is,  as  a  rule,  of  thicker  calibre  than  that  of  the  central 
fibre  has  been  thought  to  favor  the  view  that  it  is  a  protoplasmic 
process ;  but,  as  has  been  stated,  this  would  appear  to  be  entirely 
referable  to  the  differences  in  distance  between  the  cell  body 
and  the  end  of  the  axis  cylinder,  since  for  the  ordinary  ganglion 


Fio.  160. — Spiiial  C4ird  of  aniphioxus.  (Aftt^r  Ketzius.)  mi,  median  line;  ok, 
outer  angle  of  spinal  cord  ;  «,  acnsory  root.  A  rather  large  multipolar  coll  is 
shown,  the  axone  of  which  enters  into  a  sensory  root. 

the  peripheral  fibre  is,  as  a  rule,  longer  than  the  central ;  for  the 
cochlear  and  vestibular  ganglia  the  peripheral  fibre  is  the  shorter, 
and  here  the  process  passing  to  the  periphery  is  of  smaller 
calibre  than  that  of  the  central  fibre.  I  take  it  that  we  must 
acknowledge  that,  though  embryologically  a  dendrite,  the  periph- 
eral sensory  fibre  in  the  adult  is  histologically  an  axone,  and 
the  passage  of  impulses  from  the  periphery  to  the  centres  must 
be  granted  as  an  example  of  cellulipetal  conduction  in  an  axone. 
In  amphioxus,  an  animal  which  possesses  no  spinal  ganglia, 
Retzius  t  has  shown  that  the  sensory  impulses  are  received  by 
the  telodendrions  of  axones  and  conveyed  along  axones  cellulip- 
etally  to  the  nerve  centres,  a  form  of  sensory  apparatus  very 
commonly  met  with  in  invertebrates.  In  amphioxus  two  varie- 
ties of  cells  send  axones  into  the  sensory  roots,  bipolar  cells 
(Fig.  159,  n  z')  and  multipolar  cells  (Fig.  100)  (Smirnow,  Ret- 
zius, von  Lenhossek). 

♦  The  suggestion  that  the  peripheral  sensory  fibre  is  a  dendrite  was,  I 
beliere ,  first  made  by  Rain6n  y  Cajal,  in  1889,  in  an  article  entitled  Con- 
nexion general  de  los  eleroentos  nerviosos,  which  appeared  in  La  medicina 
pr^ctica,  Madrid,  in  October  of  that  year. 

t  Retzius,  G.  Zur  Kenntniss  des  centralen  Nervensystems  von  Amphi- 
oxus lanceolatus.     Biol.  Untersuch.,  Stockholm,  n.  F.,  Bd.  ii  (1801),  p.  20. 
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The  fact  that  the  optic  nerve  contains  axones  whose  cells  of 
origin  are  situated  not  in  the  retina  but  in  the  brain  (corpora 
quadrigemina)  is  not,  as  some  think,  proof  of  cellulipetal  con- 
duction in  axones.  1  can  see  no  reason  for  not  believing  that 
centrifugal  impulses  pass  from  the  brain  to  the  retina.  Indeed, 
now  that  we  know  what  an  enormous  number  of  neurones  are 
situated  within  the  retina,  it  would  bo  surprising  were  its  ele- 
ments not  in  some  way  under  the  control  of  a  governing  centre 
in  the  central  nervous  system ;  and  a  priori  the  centre  most 
likely  to  possess  the  power  would  be  one  of  the  three  which  first 
receive  the  centripetal  impulses  from  the  retina,  namely,  that 
which  we  know  to  be  also  the  local  seat  of  government  for  the 
movements  of  the  eye  muscles — the  superior  coUiculi  of  the 
corpora  quadrigemina.  That  these  centrifugal  fibres  of  the  optic 
nerve  represent  the  apparatus  concerned  in  the  objectivization 
of  received  sensations — L  <'.,  in  their  projection  outward — an 
idea  suggested  by  von  Bechterew,  does  not  seem  to  me  to  be 
probable. 

The  arguments  for  cellulifugal  conduction  in  axones  hold 
also  for  their  medullated  collaterals.  The  hypothesis  has  been 
put  forward  by  von  Lenhossek  *  that  (lolgi'a  distinction  be- 
tween non-medullated  side  fibrils  and  true  medullated  collaterals 
is  of  definite  physiological  significance.  He  thinks  it  very 
probable  that  the  side  fibrils  act  as  axopetal  conductors,  the 
true  coUatoralrf  alone  being  cellulifugal  as  regards  direction  of 
conduction.  He  advan(*es  as  examples  the  relations  of  the  side 
fibrils  on  the  axones  of  the  ventral  horn  cells  of  the  cord,  the 
Purkinje  cells  of  the  cerebellum,  and  those  described  by  Ram6n 
y  Cajal  and  van  Oehuchten  on  the  axones  of  the  olfactory 
mitral  cells.  He  would  designate  the  side  fibrils  then  as  axo- 
dendrites  (to  distinguish  them  from  cytodendrites),  and  the 
true  collaterals  as  paraxones.  Von  Lenliossek's  personal  stud- 
ies, particularly  those  de^aling  with  the  relations  in  rodents  (Pig. 
101)  of  the  sensory  collaterals  to  the  side  fibrils  given  oflE  from 
tlie  axones  of  the*  ventral  horn  cells,  are  indeed  strikingly  sug- 
g'^'stive  of  the  extTcise  by  the  .side  fibrils  of  a  receptive  function 
for  impulses.  As  a  result  of  his  own  studies  van  Gehuchtenf 
has  opposed  this  theory,  and  I  must  agree  with  von  Kdlliker 
that  up  to  the  present  time  a  cellulipetal  conduction  in  the  col- 


♦  OjK  n't.,  S.  129-134.  f  Cellule,  t*  xi. 
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laterals  (side  fibrils)  is  no  better  proved  th&n  is  cellulifugal 
conduction  in  the  dendrites. 

If  the  studies  of  Apathy  and  Bethe  be  confirmed,  and  it  be 
true  that  the  fibrils  demonstrable  by  their  methods  be  especially 
differentiated  for  the  purpose  of  conducting  impulses,  a  partici- 
pation of  all  parts  of  the  neurone  in  the  phenomena  of  conduc- 


FiQ.  161.— Pcirtion  of  Boiiinl  ciini  uf  npw-hom  mhbit  Btained  by  the  chromc-BllveT 
mrthoil.  a,  fini'  plPXUH  formed  iit  (lulgi's  side  flbrtls  frnin  the  uinnra  of  ven- 
tral bom  cells  Bt  tbe  ventral  tnarKJu  of  the  ventral  horn  ;  ft,  oimmiBHural 
aiunr  with  long  aide  HhriK  e.  lAfter  M.  von  Lcnhossek.  Der  feinere  Bau 
de«  Nervi'iisyshniG.  etc.,  II  Aufl..  1895,  S.  257,  Fig.  38.) 

tion  must  be  granted,  for  these  fibrils  are  limited  to  no  single 
portion  of  the  neurone.  Moreover,  since  the  same  fibril  can 
sometimes  be  followed  running  cellulipetally  in  one  branch  of 
a  dendrite  and  cellulif  ugally  in  another  branch  of  the  same  den- 
drite (Bethe),  it  is  obvious  that,  if  the  fibril  conducts,  the  den- 
drites must  carry  both  cellulipetal  and  cellnlifugal  impulses. 

A  most  interesting  and  difficult  experiment  performed  by 
Bethe  *  must  here  be  referred  to.  This  investigator,  working 
at  Naples  in  Kovember,  1896,  isolated  the  neuropil  of  the  sec- 
ond antenna  of  Carcinus — in  other  words,  he  removed  the  gan- 
glion cells  of  the  neurones  supplying  the  antenna,  but  left  their 
processes  and  side  branches.     He  proved  that,  even  in  the  ab- 

•  Bethe,  A.  Das  Central nervensj'stem  von  CarclnuB  Mannas.  Ein 
anfttomisch-physiologischer  Vereuch.  I.  Theil,  2.  Mittheilung.  Arch.  t. 
niikr.  Aoat.,  Bohd,  Bd.  I,  S.  589-639. 


373 


TUK  NERVOUS  SYSTEM. 


gence  of  the  perikaryona  of  the  neurones,  flexion  and  extension 
cun  be  reflexly  produced — appurentlj  tai  absolute  demonstra- 
tion that  nenronpB  can  temporarily  contiDoe  to  function  iu  the 
entire  absence  of  their  cell  bodies.  In  a  still  later  article,*  as  a 
result  of  his  studies  of  the  primitive  fibrils  (Apathy),  Bethe  con- 
cludes that  the  explanation  of  his  fundamental  reflex  experiment 
is  to  be  found  in  the  reliitions  which  the  fibrils  bear  to  the  mecb- 
anism.    These  relations  are  illuotrated  in  Fig.  Iti:^.     When  Bethe 


'^^^^'"*^~^ 


1(1.  IffiJ.— Hi'ho 
tin- 1 


•>f  tbp  primiUTe  flbrUs  of 
'  nun  of  t^rcinuB  Marnin 
,  1888,  Taf.ivii.  Fig.  S.) 

,  -.-.    fl"  on  thesDrfiwe  oJ  tbe 

Rfd— the  primitive  fibribi  going  to  the  nuclnu. 


r  A.  lii'thi-,  Anh.  f.  niikr.  A 
lllnf  -  primitive  lihriln  iiiiDiiij;  from  (hv  " 

Wfli-t--.rtlHTiihril». 

X  1.  p..  lU'anipiliim  autC'iiiurii  puttcriuK;  .V.  I.,  npiiropilnm  tegnmentarii; 
.Y.  u.  /.,  iii'umpiluin  aiitcniutrii  latcmU';  X.  a.  ».,  dcutopUddi  Biitennkill 
mnlinli' :  a,  tmitor  prlrailivf  HbrilH  to  fli'sor  niusc'lcB  fnim  A.  a.  p.  ■  b,  motor 
fltirils  fnnn  X,  a.  1. 1«  flcxurH ;  A',  motor  fllirils  fnnu  N.  a.  at.  to  eztciuora ;  e, 
motor  filiril  Tnim  X.  «.  m.  to  flpxim ;  c',  motor  fibril  from  A',  a.  /.  to  exten- 
Huni;  rf  anil  rfi.  flhriirt  tliniwiiiK  Riiti'niu  muHcliii  undpr  influence  of  X.  I.  - 
e.  fibril  connc-linK  X  a.  I.  with  X  a,  p. ;  /,  Dbrii  thruwinK  cell  body  uudor 
iiifliii'iii-i'  'if  i«'uni]>il ;  g,  motiir  tihrils  I'Xti'OiliiiK  from  t-ell  body  to  miiMrleo. 

removes  all  the  ganglion  cells  from  the  neuropils  of  the  second 
antenna  of  Carcinus  and  separates  them  from  the  whole  of  the 
rest  of  the  nervous  system  by  a  circular  cut  and  section  of  the 


■l!eth<^,  A.    Daa(;cntraln< 
iDi^cli-pbpiologisoher  ^'cr5uch.     II.  Tbeil  (1 
AiLftt.,  Bonn,  lid.  li.  S.  3B2-453. 


CarcJDus  Mhcdm.    Bio  anat^ 
Mittheilung).    Arch.  f.  mikr. 
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cesophageal  commissure,  so  that  the  nerve  of  the  second  antenna 
is  connected  with  end  stations  (neuropilum  antennarii  II  medi- 
al e,  laterale  et  posterius)  entirely  deprived  of  ganglion-cell  con- 
nection, this  second  antenna  still  retains  its  tonus  and  its  reflex 
excitability.  This  proves  that  the  reflex  arch  does  not  (or  at 
least  need  not)  include  the  cell  bodies  of  the  neurones.  Since 
primitive  fibrils  (Apathy)  can  be  followed  directly  from  the 
neuropils  into  the  motor  axones  without  going  through  ganglion 
cells,  Bethe  believes  that  the  reflex  path  goes  by  way  of  the 
centripetal  (receptive  fibres)  to  the  neuropil  and  thence  directly 
(without  passage  through  the  perikaryon  of  the  motor  neurone) 
into  the  centrifugal  motor  fibres.  Thus,  on  the  whole,  Bethe's 
studies  afford  a  strong  and  most  important  confirmation  of  the 
views  of  Apathy,  the  main  difference  between  the  conceptions 
of  the  two  observers  lying  in  the  fact  that  whereas  Ap4thy  be- 
lieves that  the  BlemenfargtUer  (neuropil  of  His,  Punktsubstanz 
of  Leydig)  is  "  diffuse,"  Bethe  is  confident  that  this  is  not  so. 
That  the  conceptions  concerning  simple  contact-relation  be- 
tween the  processes  of  the  neurones  previously  held  must  ac- 
cordingly be  modified  there  can  be  no  doubt,  though  that  the 
doctrine  of  the  morphological  and  physiological  independence 
of  the  neurones  is  invalidated  but  few  will  be  willing  to  grant. 
Bethe  himself  retains  the  term  neurone  as  a  designation  for 
all  the  parts  easily  demonstrable  as  standing  in  connection  with 
one  ganglion-cell  body. 

To  epitomize  our  actual  knowledge  then  of  the  direction  of 
the  conduction  of  impulses  in  neurones,  it  may  be  said  that 
axopetal  conduction  has  been  proved  for  the  dendrites  of  many 
neurones,  and  that  cellulifugal  conduction  can  be  asserted  for 
the  majority  of  axones,  although  cellulipetal  conduction  cer- 
tainly occurs  in  some.  Here  our  certain  knowledge  stops,  yet 
the  evidence  for  cellulifugal  conduction  in  many  dendrites  is 
very  strong,  and  it  is  not  lacking  for  cellulipetal  conduction  in 
the  side  fibrils.  Nevertheless,  it  would  seem  very  unwise  at 
present  to  state  positively  that  nerve  impulses  may  not  pass  in 
both  directions  in  all  neurones.  There  is  certainly  no  apparent 
reason  why  they  should  not ;  indeed,  just  as  we  have  peristalsis  ' 
and  antiperistalsis  in  tubes  covered  by  smooth  muscle,  and  just 
as  electrical  currents  may  pass  in  both  directions  along  a  piece 
of  copper  wire,  it  would  not  be  at  all  improbable  in  such  emi- 
nently irritable  structures  as  the  nerve  cells  that  the  stimula- 
19 
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tion  of  either  pole  or  of  the  terminals  of  any  one  of  its  prooesseg 
may  lead  to  alterations  in  the  energy  conditions  of  the  whole 
neurone. 

That  at  present  we  are  well  acquainted  with  the  evidence 
for  the  passage  of  impulses  in  the  neurones  in  one  direction 
only  does  not  exclude  the  possibility  that  we  may  at  some  later 
time  become  cognizant  of  facts  which  may  demonstrate  the 
conduction  of  impulses  of  some  sort  in  the  opposite  direction ; 
especially  as  physiological  experiment  has  shown  that  impulses 
artificially  excited  in  nerve  fibres  travel  in  both  directions  from 
the  point  of  stimulation.  Though  the  researches  of  Gotch  and 
llorsley  *  make  it  appear  that  on  artificial  stimulation  of  a  motor 
nerve,  while  impulses  may  pass  into  the  cell  bodies  of  the  neu- 
rones to  which  these  fibres  belong,  there  is  no  evidence  that 
they  pass  out  of  the  neurones  immediately  aifected  into  those 
related  to  them  anatomically.  Hut  the  question  of  cellulipetal 
and  cellulifugal  conduction  must  be  solved  first  for  single  neu- 
rones before  the  transference  of  impulses  from  neurone  to  neu- 
rone can  be  settled,  and  the  evidence  as  yet  will  not  permit  us 
to  deny  the  passage  of  imj)ulses  in  both  directions.  The  changes 
in  the  cell  body  in  the  neighborhood  of  the  axone  hillock  oc- 
curring after  section  of  the  corresponding  axone  may  not  be 
dependent  entirely  upon  alteration  in  the  character  of  cellulif- 
ugal processes  in  the  cell,  but  may  be  influenced  in  part  pos- 
sibly by  cellulipetal  influences  coming  from  the  point  of  section. 
In  attempting  to  exi)lain  the  phenomena  of  tetanus,  a  similar 
possibility  should  be  borne  in  mind.  The  impulses  passing  in 
one  direction  could  be  of  an  entirely  different  nature  or  quality 
from  those  passing  in  the  other.  The  whole  question  must  be 
for  the  present  left  open.  The  danger  of  the  ancient  mode  of 
induction  described  by  Bacon  as  "  inductio  per  enumerationem 
simi)lic(*m,  ubi  non  reperitur  instantia  contradictaria,**  is  one 
against  which  the  scientist  must  ever  be  on  his  guard. 


♦Gotch,  F.,  ami  V.  Horsley.  On  tho  Mammalian  Nervous  System,  its 
Functions.  un<l  tlieir  Localization  determined  by  an  Electrical  Method. 
Phil.  Tr.,  1891,  Lond.  (1892),  vol.  clxxxii  (H.),  pp.  2^7-526. 


CHAPTER   XXIV. 

THE    RKLATIONS    OF    TROPHIC   TO    NERVOUS    FUNCTIONS   IN   THE 

NEURONE. 

The  relations  of  trophic  changes  to  nervous  functions — Influence  of  re|K>se 
and  a<;tivity  upon  the  neurones — Studies  of  Hodge  up<in  the  histology 
of  fatigue — Studies  of  Vas,  Mann,  Lugaro,  and  others — Investigation  of 
hibernating  animals — Method  of  indirect  electrical  stimulation  of 
neurones. 

We  may  now  perhaps  raost  suitably  turn  to  a  brief  consid- 
eration of  the  mutual  relations  and  interdependence  of  the 
trophic  functions  and  those  which  have  to  do  with  the  mani- 
festations of  irritability.  In  this  connection  the  influence  of 
the  repose  and  of  the  activity  of  the  neurones  upon  their 
nutrition  is  of  especial  importance.  Intimately  associated  with 
this  topic  of  repose  and  activity  is  the  question  of  physiologi- 
cal rhythms  so  ably  dealt  with  by  Donaldson.*  Into  a  discus- 
sion of  the  subject  from  this  standpoint  it  is  not  my  purpose 
to  enter,  and  my  remarks  will  be  confined  to  certain  more 
striking  histological  relations.  As  has  been  said  above,  a  priori 
there  is  in  the  neurones,  as  in  everything  that  lives,  no  such 
thing  as  absolute  repose,  since  at  no  time  during  life  is  com- 
plete cessation  of  activity  possible.  Repose  and  activity  are 
here,  therefore,  merely  relative  terms,  and  are  used  throughout 
in  this  restricted  sense. 

The  pioneer  in  the  investigation  of  the  histology  of  fatigue 
is  undoubtedly  the  American  investigator  Hodge. f 


*  Op.  eit,  p.  293. 

t  Ilodge,  C.  F.  Some  Effects  of  Stimulating  Ganglion  Cells.  Am.  J. 
Psychol.,  Bait.,  vol.  i  (1887-*88),  pp.  479-486 ;  Some  Effects  of  Electrically 
Stimulating  Ganglion  Cells.  Am.  J.  Psychol.,  Bait.,  vol.  ii  (1888-'89),  pp. 
376-402 ;  The  Process  of  Recovery  from  the  Fatigue  occasioned  by  the  Elec- 
trical Stimulation  of  Cells  of  the  Spinal  Ganglia.  Am.  J.  Psychol.,  Worces- 
ter, vol.  iii  (1890),  pp.  530-543 ;  A  Microscopical  Study  of  Changes  due  to 
Functional  Activity  in  Nerve  Cells.    J.  Morphol.,  Bost.,  vol.  vii  (1892-'93), 
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In  a  series  of  brilliant  experimental  researches  he  hao  es- 
tablislied  the  existence  of  definite  morpliological  alterattoQB  in 
the  cell  boilies  of  neurones  uccoinpanying  the  excessive  ex- 
crciBe  of  their  physiological  function.  He  found  that  pro- 
longed fariidic  stimulation  of  a  ijoripheral  sensory  nerve  in 
tlie  eat  led  to  distinct  alterations  iii  the  cells  of  the  corre- 
s|)ondiiig  spinal  ganglion  (Figs.  Ifj:),  1C4),  and  later  he  wus  able 
to  demonstrate  similar  changes  iu  the  nerve  cells  of  aiiitDals 
after  a  long  day's  i-xerciae  (English  sparrows,  swallows,  pigeons 
[Figs.  1()5,  HiO],  and  honey-bees).     On  comparison  of  the  non- 


<■  ./..^•U 


uprvf  of  e»t, 

fatigued  icJls  (in  ias(.  of  fitradK  stimulation,  the  cells  of  the 
spinal  ganglia  on  the  side  not  stiinulntid,  in  the  other  in- 
stances, the  (elU  of  animals  uiptnred  in  the  morning)  with 
[.p.  !).i-UiM  Die  \(n<[iz>ll>  Ik'I  <h  r  <  cliiirt  iiiiil  brim  Tmle  an  Altrr- 
M'liwik'lic.  \iiii1  \n7  Tinii  Bil  i\  (IH'M)  <;  706-710  I.  hasf^  in  QaDtclion 
Ci'lls  tmm  ItiriL  tn  Siiii]i>  Dmlh  < )liHi>n utiuii-<  cm  Man  and  Uonry-Reo. 
J.  I'hvsiol.  I  ambriili.t  vol  xi it  (1^14)  [)|i  13t)-1  M  V  MicroBoopica]  Siadj 
i.t  lhoXpr\p  f  p)l  liuniig  hUi.lrniil  bliiinilalLim  J  Morphol.,  Bost.,  vol.  ii 
(1804),  pp.  449-16-] 
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those  artificially  or  normally  fatigued,  Hodge  found  alterations 
in  the  latter  both  in  the  protoplasm  and  in  the  nucleus.     The 


«*-^' 


Pm.  IN. — Scrtion  thruuKh  (cauKliun  nn  I  nwl  nml  of  hnt  tlionuTC  ncrvu  of  vat 
ufter  intermittent  electnral  stimulati  n  during  Bvp  houre  Osmic  acid. 
(Afh;r  UinIkc  Tht  nudpi  nn  darkir  nhrunkLii  and  imgular  in  uutlinp, 
and  the  pmb  plnam  w  i*  ni<>w)uit  tstuoUU^ 

nuclei  of  the  tired  cells  were  diminished  in  size  they  pre- 
sented zigzag  borders  and  stained  more  intensely  than  did  nor- 
mal nuclei  the  protoplasm  was  often  shrunken,  and  stained 
more  feebly  than  in  the  cells  not  fatigued.  The  alterations  dis- 
appeared within  about  twenty-five  hours  after  cessation  of  the 
electrical  stimulation,*  which  had  lasted  five  hours,  and  in  the 
case  of  the  working  animals  after  a  night's  rest. 

Certain  of  his  experiments  in  which  he  stimulated  living 
sympathetic  cells  where  they  could  be  watched  directly  through 
the  microscope  and  compared  in  appearance  with  others  not 

•  The  objection  has  been  qiiEte  pmperlj  raised  by  van  Gehuchten  and  by 
Qoldscheider  and  Flalau  that  the  results  obtained  from  electrical  stimula- 
tion can  scarcely  be  looked  upon  as  equivalent  to  those  dependent  upon 
normal  fatigue.    Electricity  can  not  of  course  be  regarded  as  an  "  adequate  " 
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stimulated,  are  most  convincing.     Drawings  at  intervals  show 
very  clearly  tlie  gradual  alterations  which  occur. 


5,"  •• 


^' 


FHi.  H»5. 


Fl(».  1«6. 


Fio.  1«3.— ( 'aiiivni-lufula  dniwiiiK  of  <Hripitnl  cortex  of  pigeon  killed  nt  5.30  A.M., 
to  show  H'stoil  iiiTve  cells.  Cornwivi*  subliiimtc  for  four  hours ;  GnuU**rt  stiiin- 
iiiK-     'After  Hml^e.  > 

Fl«.  KW.— (^ainera-lucida  drawing  of  cortt'x  of  pigeon  killed  at  7.30  p.m.,  t«i  show 
changes  in  cells  indicating  normal  daily  fatigue.     (After  Uodgo.  t 

Experiments  along  similar  lines  have  been  made  by  Vas 
(Fig.  107),*  Lambert,t  Mann  (Fig.  108)4  recently  by  Lugaro/ 
Pugnat,  II  and  by  Eve.-^     Mann  and  Vas,  while  essentially  con- 


*  Vas,  F.  Studieu  tther  den  Ban  des  Chromatins  in  der  sympathischen 
Ganglienzelle.     Arch.  f.  niikr.  Anat.,  Bonn,  Bd.  xl  (1892),  S.  87&-389. 

t  Lambert,  M.  Note  sur  les  modifications  produites  par  Texcitation  olec- 
tricjue  dans  les  cellules  nerveuses  des  ganglions  sympathiques.  Compt.  rend. 
Soc.  de  biol.,  l»ar.,  1).  s.,  t.  v  (1893),  pp.  879-881. 

X  Mann.  0.  Histological  Changes  induced  in  Sympathetic,  Motor  and 
Sensory  Nerve  Cells  by  Functional  Activity.  J.  Anat.  and  Physiol.,  Lond^ 
vol.  xxix  (1895),  p.  100. 

^  Lugaro,  E.  Sur  les  modifications  des  cellules  nerveuses  dans  les  dirers 
etats  fonctionnels.  Arch.  ital.  de  biol.,  Turin,  t.  xxiv  (1895-'96),  pp.  258- 
281 ;  also  Sperimentale,  Sez.  biol.,  PMrenze,  An.  xlix  (1895),  pp.  159—103. 

I  Pugnat,  C.  A.  Sur  les  modifications  histologiques  des  cellules  nerveuses 
dans  I'etat  de  fatigue.  Compt.  rend.  Acad.  d.  sc,  Par.,  t.  cxxx  (1897),  pp. 
736-7:^8. 

^  Eve,  F.  C.  Sympathetic  Nerve  Cells  and  their  Basophile  Constituent 
in  Prolonged  Activity  and  Repose.  J.  Phvsiol.,  Cambridge,  voL  zz  (1896), 
pp.  334-353. 
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firming  the  roBearches  of  Hodge,  )iave  described  an  enlargement 
of  both  cell  body  and  nucleus  after  brief  stimulation ;  other 
authors  (Swierczowsky  and  Tomsa)  have  noticed  active  move- 
ments of  the  nucleoli  during  excitation,  and  Magini  has  described 
a  displacement  of  these  structures  in  a  direction  toward  the 
axone  hillock.  Lugaro,  who  thinks  that  insulTicieut  attention 
has  been  paid  to  the  distinction  between  signs  of  cellular  activity 
and  those  of  fatigue,  has  made  an  exhaustive  series  of  experi- 
ments from  which  he  concludes  that  the  activity  of  nerve  cells 
is  accompanied  by  a  state  of  turgescence  in  the  pi'otoplasm  of 
the  cell  body ;  fatigue,  on  the  other  hand,  producing  progressive 
diminution  in  the  size  of  the  cell  body.  He  finds  that  with 
moderate  degrees  of  activity,  which  correspond  to  swelling  of 
the  cell  body,  the  nucleus  undergoes  no  alterations  in  size ;  but 
if  the  activity  is  prolonged  to  fatigue  it  slowly  becomes  smaller. 
The  stainable  substance  of  Xissl,  Lugaro  believes,  undergoes  a 
slow  increase  in  amount  in  the  earlier  phases  of  activity,  while 
later,  when  the  cell  becomes  fatigued,  it  is  diminished  and  is 
more  diffusely  distributed  throughout  the  cell  body. 


Fro.  167. — Sections  thnniEh  the  Baprrior  cprviml  KaiiKliou  of  thp  r 

by  NiBsl'B  method.  (After  Vm.)  -  1.000  dinmi'tera.  a.  MTtion  throuRh  nor- 
mul  ganftlion  ;  b.  NertiuD  through  ganglion  after  HtimuUtion  of  gympathotiv 
trunk  fiir  fifteen  iiiinuli>s  with  farwlic  current. 


Eve  could  find  as  the  only  change  resulting  from  protracted 
activity  the  occurrence  of  a  slight  diffuse  blue  stain  in  the  cell 
substance  (Nissl's  method).  His  idea  that  this  is  due  to  forma- 
tion of  acid  by  the  cell  with  consequent  slight  solution  and 
diffusion  of  the  material  which  stains  blue  will,  considering 
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what  ia  now  known  of  the  Xissl  bodies,  doubtless  meet  with 
opposition. 

Studies  of  the  nervous  system  of  hibernating  animals  have 
been  undertaken  by  Jacobsohn.*  He  found,  however,  no  dig. 
cornible  alteration  in  the  motor  cells  of  the  ventral  horns. 


Fid.   las.— Tw"  mi 


:  *,  <Urk  kI 


ipinal  cord  of  dog  fixed  in 


iitU'UK  1  5,  pule  Hpindliii.     lAflvr  Mbdq.  } 


The  influence  of  prolonged  illumination  upon  the  retina 
has  been  studied  by  Fergens.f 

A  very  ingenious  suggestion  in  order  to  do  away  with  direct 
traumatic  influence  or  direct  physical  or  chemical  influence  by 
an  electric  current  upon  the  neurone  has  been  made  by  Gold- 
gcheider  and  Flatau.}     They  suggest  that  one  stimulate  the 

*  JHcobsohii.  L.  Uebcr  ilas  Ausselien  der  mntorlEchen  Zellen  ito  Vorder- 
horn  des  ItQckeumurkK  nnch  Uuhe  uml  Hunger.  Neurol.  Ceotralbl.,'  LeipoL, 
fill,  ivi  (1897),  S.  946-048. 

f  Pergons,  K.  Action  de  In  lumiere  xur  la  ivline.  Ann.  aoc  roy.  d.  ac 
mM.  et  n»t.ile  Brji.,  I.  t  (16%).  pp.  3»0-42l. 

t  Goldscheidcr.  A.,  und  K.  Platan.  Nonnale  iind  pathologiaohe  Aii»- 
tomie  der  Nerrenzellen  auf  Grund  der  neueren  ForschuDgen.  B«rliti  (1898), 
8.35. 
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motor  region  of  the  cerebral  cortex  and  then  examine  the  cell 
bodies  of  the  corresponding  lower  motor  neurones  (ventral  horn 
eelts).  In  the  same  way  the  lower  motor  neurones  could  be  in- 
directly stimulated  by  way  of  the  peripheral  sensory  neurones 
(ttpinal  ganglion  cgIIb,  dorsal  roots  of  spinal  nerves),  after  which 
the  morphological  appearances  of  the  ventral  horn  cells  could 
be  compared  with  the  normal.  In  such  an  event,  as  they  em- 
phasize, it  would  be  important  not  to  confine  one's  self  to  the 
iise  of  Xisal's  method,  which  gives  definite  results  only  with  re- 
gard to  the  tigroid  masses,  but  in  addition  other  methods,  like 
those  of  Flemming,  Held,  and  M,  Heidcnhain,  which  demon- 
strate more  particularly  the  structure  of  the  ground  substance, 
should  be  employed. 

While  it  is  evident  that  additional  research  is  still  urgently 
called  for,  it  will  be  seen  that  enough  has  already  been  doue  to 
supply  us  with  some  direct  microscopic  evidence  for  the  inti- 
mate relations  e;cisting  between  the  state  of  nutrition  of  the 
cell  and  the  manifestation  of  functional  activity.  In  substan- 
tiation of  these  results  there  exists  a  considerable  amount  of 
pathological  and  pharmacological  evidence,  some  examples  of 
which  will  be  considered  in  the  following  chapter. 


CHAPTER   XXV. 

ox  THE  HISTOLOGICAL  ALTERATIONS  IN  NEURONES  DUE  TO 
THE  ACTION  OF  POISONS,  AND  A  COMPARISON  OF  THESE 
WITH    THE    EFFECTS   OF   TRAUMATISM. 

Changes  in  the  neurones  in  intoxications  and  infections — Comparison  of 
primary  lesions  in  the  cell  bodies  of  neurones  with  those  secoDdary  to 
lesions  of  axones — Theories  concerning  trophicity. 

We  are  in  possession  now  of  a  large  series  of  studies  by 
Nissl's  and  other  methods  which  have  been  undertaken  to  in- 
vestigate the  elTeets  of  poisonous  substances  upon  the  neurones. 
It  would  be  impossible  to  even  refer  to  all  of  these,  but  a  few 
at  least  may  be  mentioned. 

Xissl  *  has  demonstrated  definite  lesions  in  the  large  motor 
cells  of  the  ventral  horns  of  the  rabbit  after  poisoning  with 
strychnine,  veratrin,  alcohol,  phosphorus,  the  toxines  of  tetanus, 
and  trional.  He  has  also  shown  the  alterations  produced 
in  the  Purkinje  cells  and  spinal  ganglion  cells  of  the  rabbit 
after  lead  poisoning,  and  the  (changes  in  the  cortical  cells 
after  poisoning  with  alcohol,  morphine,  and  lead.  Xissl  has 
emphasized  the  differences  of  the  alterations  produced  in  the 
same  group  of  cells  by  the  action  of  different  poisons,  and  has 
further  demonstrated  that  the  same  poison  can  lead  to  entirely 
different  results  in  different  types  of  cells  in  the  same  animal. 
He  has  referred  not  only  to  the  changes  in  the  chromatic  and 
achromatic  substance,  but  also  to  the  nuclear  alterations  in 
such  intoxications. 

Xissl  has  investigated  the  nerve  cells  in  acute,  subacute,  and 
chronic  forms  of  poisoning,  since  he  finds  that  the  ejffects  of 
poisoning  vary  very  much  according  to  the  time  during  which 
the  intoxication  has  been  active.     Especially  interesting  are  the 


♦  Nissl,  F.    Ueber  die  Verilnderunp^en  der  Nervenzellen  nach  experimen- 
tell  erzeugter  Vergiftung.     Neurol.  Centralbl.,  Leipz.,  Bd.  xt  (ISM),  S.  9; 
Allg.  Ztschr.  f.  Psychiat.,  etc.,  Berl.,  Bd.  liv  (1897),  S.  1-107. 
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results  which  he  has  obtained  in  hig  so-called  "subacute  maxi- 
ma] intoxications,"  in  which  the  animal  under  experiment  re- 
ceives daily  an  amount  of  poison  just  short  of  the  lethal  dogo 
until  death  occurs  (after  from  a  few  days  to  several  months). 
The  alterations  in  arsenical  poisoning  are  well  shown  in  Fig. 
169,    The  whole  nerve  cell  is  swollen,  there  is  marked  diminu- 


10.  Iflg.— EfTt'i'tH  iif  Hrxcnic  upon  Che  nt-rvi-  rrll.  lAftvr  F.  Xi»i1.  AIIr.  Ztarhr. 
f.  Psy.-hiHt..  vw..  R.T1..  B.1,  llv..  lim.  •  Tlu-  rrll  to  (he  l.'fl  .)f  the  fiRiire  is 
uumiHl :  lliut  III  till'  TJKlit  frcmi  mi  tiiiiiiiiil  poiwiticd  l>y  arwiik'. 

tion  in  the  amount  of  tigroid  substance,  so  that  it  is  often  im- 
possible to  distinguish  the  chromatic  from  the  non-chromatic 
portion  of  the  cell.  Alterations  in  the  nucleus  can  also  be 
made  out. 

In  his  studies  of  phosphorus  poisoning  Xissi  found  very  pro- 
found alterations  in  the  nerve  cell — alterations  which  tend  at 
the  beginning  to  affect  often  one  portion  of  the  cell  in  prefer- 
ence to  others,  although  no  definite  rule  as  to  the  exact  portion 
likely  to  be  affected  in  a  given  instance  could  be  laid  down. 
In  advanced  stages  of  the  poisoning  the  cell  is  remarkably  di- 
minished in  size  and  the  nucleus  smaller  than  normal.  The 
architecture  of  the  cell  becomes  completely  obscured,  the  only 
trace  of  tigroid  remaining  being  a  few  duatlike  particles  and 
irregular  granular  masses.  The  cells  may  even  go  on  to  com- 
plete atrophy,  and  eventually  entirely  disappear  (Fig.  170). 

The  effects  of  veratrin  poisoning  are  somewhat  different. 
Here  and  there  in  the  cell  body  of  the  neurone,  tigroid  masses 
disappear,  leaving  small   cavities    in  the  ground   substance. 
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Whf'reaH  i-ertain  of  tlif.-  tigroid  miiAHOs  undergo  this  clinnge, 
others  R'main  iipjNm'iitly  cntiroly  uimffceted,  or  are  ut  most  hut 
wlightly  iilten'd.     In  iiroUmgcd  poisoning  the  ground  euhstancc 
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ti.  im— Tli.'.'ir.'.'lsi.riil»«|dii.niHiH.iM>iiiiiEii|><m()i<'nruR>m-«.  'AAcr  F.  XiwI. 
Allc  /tsc'lir.  f.  I>syi'liiiil..  iti..  Ifa'rl..  Itil.  Iiv,  IWT.  <  Tiii-  (vll  in  t>ic  u|i|>(-r 
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intiy  hf  involved,  and  the  niicleuti  of  thp  cell  diminislies  in  eize. 
Miniy  <if  tlie  <-ellfl  {)rvso)it  ti  dilTiicK>  Htiiiniug,  the  limits  of  the 
Xifsl  hodics  being  Init  very  indiBtinctly  visible  (Fig.  171). 

Fur  Niddl's  lindingfl  in  poisoning  by  silver,  etrychnine,  mor- 
phine, tetunns,  lend,  inid  uhiohol,  the  original  publicationa  of 
that  author  may  1k'  consulted. 

InaKniuch  as  different  poisons  uet  upon  the  Bune  variety  of 
cell  in  II  dilTereiit  way,  and  ai<  tho  Ham{>  poison  can  influence 
ditTen'nt  types  of  eells  in  diffor<>nt  ways,  NiHsl  believes  that  we 
are  tlnw  afforded  a  new  and  important  inoaog  of  analyziiij;  the 
funeiioiud  aetivitics  of  the  different  groujjs  of  cells  inside  the 
ecntriil  nervous  system.  By  administering  elective  poiHons  and 
eoniparing  the  eliiiieul  and  psyehologic-al  manifeiitations  during 
life  with  the  altenitiuus  in  the  eells  after  death,  it  may  be  pos- 
Hilile  til  establish  the  funetion  of  the  individual  cell  Turieties 
and  along  with  these  the  funetion  of  the  various  localities  in 
whii^h  they  are  situated. 
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These  viewg  of  Xisal  are  supported  in  the  main  by  Lugaro, 
who  has  studied  the  alterations  in  the  nerve  cells  after  lead 
and  arsenic  poieoning."  It  is  Lugaro'e  idea  that  the  chromatic 
portion  of  the  cell  (Fig,  172)  is  the  first  to  be  affected  by 
poisons,  and  that  the  alterations  of  the  achromatic  substance 
follow  with  a  rapidity  which  depends  upon  the  kind  of  poison 
and  the  type  of  cell  concerned.  Alterations  of  the  chromatic 
part  are  reparable,  but  he  doubts  if  this  be  true  for  the  achro- 
matic portion.  The  alterations  in  the  periphery  of  the  cell 
come  on  earliest;  changes  in  the  nucleus  occur  last,  when  the 
resistauce  of  the  cell  has  been  exhausted.  Changes  in  the  den- 
drites he  thinks  succeed  those  in  the  cell  body,  a  point  of  view 
in  opposition  to  the  position  taken  by  Monti  and  Berkley.  The 
changes  in  the  spinal  ganglion  cells  in  arsenic  intoxications, 
described  by  Lugaro,  are  pictured  in  Fig.  173. 


Fig.  171.— Thee(r«'tsofvenitrinpoi*oiiin)tiip<Jnllie  neurones.  lAfltr  F.  >isfll, 
Allg.  ZUwhr.  f.  Psyi-hiHt..  vtr..  B.rl..  Ifd,  Uv.  18fl7.1  The  cell  in  tlx'  lowpr 
tight-hand  rimier  i«  iiornml ;  the  c.lhi-rs  nhiiw  tliceai-ot  .il  viTHlriii  iniiBouiiii!. 

The  effect  of  strychnine  upon  the  lower  motor  neurones  has 
been  studied  by  Niasl,  by  fioldscheider  and  Flatau,  and  others- 
The  changes  are  closely  allied  to  those  which  are  fonnd  in 


•  Lugaro.  B.  SuDo  allcrazioni  degli  elemeiiti  nerviwi 
aenti  per  arsenico  e  per  pioiubo.  Riv.  di  patol.  nerv.,  Fin 
i.  pp.  4»-e4. 
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tetanus  poisoning.  They  may  develop  very  quickly  after  the 
injection  of  the  alkuloid,  even  us  early  as  three  minutes  after 
subcutaneous  injection.  Alterations  in  the  nucleoli  precede 
those   in   tlie  tigroid  masses,  according  to  Uoldscheider  and 


FiH.  IW.— T«.  Mill 
i(vl  puLoiiiiiiK 
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Hhi  winu  peripheral  chroioatolyiidn  in  anwn- 
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Flutitu.  No  distinct  proportion  could  he  established  between 
the  morphologiciil  altoriition  and  the  amount  of  functional  dia- 
turliance.  Functional  disturbances  were  recovered  from  some 
time  before  the  histological  appearances  had  again  become 
normal. 

This  absence  of  any  strict  proportionality  between  the  vis- 
ible morphological  ihanges  and  the  degree  of  functional  di»> 
turbancc  is  of  the  highest  importance,  and  such  incougmity 
should  hold  in  chci'k  those  i!i'ali>us  investigators  who,  witboai 
adequate  data,  are  ready  to  interpret  every  histological  finHing 
in  terms  of  the  clinical  symptomatology.     As  a  matter  of  fact. 
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the  alterations  in  the  cells  in  acute  and  chronic  poisoning,  so 
far  as  they  have  been  studied  up  to  the  present  time,  can 
scarcely  be  brought  into  relation  with  the  clinical  symptoms. 
The  occurrence  of  NissFs  "  acute  cell  disease  "  {vide  infra)  in 
a  whole  series  of  entirely  different  disease-pictures  is  further 
evidence  of  our  lack  of  information  with  regard  to  the  corre- 
spondence of  the  demonstrable  histological  alterations  in  the 
neurones  and  the  symptoms  met  with  during  life.  That  the 
histological  alterations  have  functional  equivalents,  however, 
no  one  can  doubt,  and  other  investigators  have  gone  too  far  in 
denying  the  existence  of  any  relation  between  the  nerve-cell 
changes  demonstrable  in  poisoning  and  the  nervous  disturb- 
ances met  with  during  life.  All  that  we  can  say  at  present  is 
that  the  appearance  and  disappearance  of  the  majority  of  the 
clinical  symptoms  are  independent  of  the  relatively  gross  intra- 
neuronal  structural  alterations  thus  far  described.  The  corre- 
spondence in  all  probability  lies  in  the  finer  structural  altera- 
tions indiscoverable  by  our  present  methods  of  examination, 
and  will  first  be  ascertainable  when  advances  in  technique  per- 
mit of  the  application  of  procedures  which  reveal  such  finer 
changes. 

Very  important  from  a  therapeutic  standpoint  are  the  in- 
vestigations of  Brauer.*  This  investigator  studied  the  cell 
bodies  of  the  neurones  in  the  central  nervous  system  of  some 
twenty-three  rabbits  poisoned  by  mercury.  Some  of  the  animals 
were  subjected  to  acute,  others  to  subacute,  still  others  to 
chronic  poisoning  with  this  metal.  The  poison  was  given  by 
the  mouth,  subcutaneously  and  intravenously.  In  addition  to 
the  marked  alterations  in  the  kidneys  and  intestines  distinct 
paralytic  phenomena  on  the  part  of  the  nervous  system  soon 
became  manifest.  The  paralysis  gradually  increased  as  the 
poisoning  continued,  the  reflexes  were  exaggerated,  and  the 
animals  exhibited  an  outspoken  ataxia.  Sections  of  the  nerv- 
ous system  studied  with  Nissl's  method  showed  large  numbers 
of  altered  cells  in  the  ventral  horns.  Among  the  altered  cells 
there  remained  a  considerable  number  which  did  not  appear  to 
be  affected,  although  the  relative  proportions  varied  much  in 
different  animals.     Very  frequently  Brauer  met  with  localized 

♦  Brauer,  L.     Der  Einfluss  des  Quecksilbers  auf  das  Nervensystem  des 
Kaninchens.    Deutsche  Ztschr.  f.  Nervenh.,  Leipz.,  Bd.  xii  (1807),  S.  1-^7. 
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areas  in  individaal  cells  in  which  tigroid  bodies  were  beginniiig 
to  break  up.  The  fine  particles  became  scattered  throngh  the 
ground  aubBtance,  and  the  cell 
contents  often  presented  a  dast- 
likt!  iippearance.  The  bearing 
of  iKuch  obseiratioDS  upon  the 
treatment  of  syphilis  is  obviona. 
It  would  take  too  long  to 
consider  nil  the  reports  of  stud- 
ies of  intoxication  even  if  only 
those  made  recently 
were  referred  to. 
Among  the  recent 
researches,  those  of 
Sarbo  *  on  antemic 
alterations,  Vae  on 
nicotine  poisoning,  Dehio  on 
atryclinine  poisoning,  Manerai 
on  strychnine  and  chloroform 
poisoninj:,  Berkley  on  alcoholic 
and  ricin  intoxications,  Masettif 
.  on  antipyrine  intoxication,  of 
Pi'indi  1  on  bromine,  cocaine, 
nicotine,  and  antipyrine  poison- 
>"M"H5h,™i3,!;i  ine.  I^>1«"  «"■)  Warrington" 
"'  ■  on  lead  poisoning,  Wright]  on 
bromide  poisoning,  Mourek  and 


4S.  I'l, 

of  tbcryti)plHKiii(i>iit4iiiiBuiily  a  . 

tintiAA  iiuUHiv.  nlthoiiKb  tli<.>  Intlir 


*  Sarbo.  A.  Vebet  dis  HUckenmarksveraniierungen  niich  leitweilifrer 
V^RiC'hlie^iinf;  rier  Bauehaorta ;  ein  iteitrag  zurPatholngiedes  Ganglloniell- 
kerne.     Xeiirol.  Centralbl.,  Leipz.,  fid.  six  (18M),  S.  664-871. 

f  Masctti,  K.  Ije  alterazinni  del  midollo  spinal?  ne  11 'arvelen amenta 
croiiit'o  Bperimeutale  per  antipirina.  Riv.  sper.  dl  [reniat.,  Reggio-EmilJa. 
vol.  xii  (lW«i),  pp.  G6S-677. 

X  Piiudi.  K.  Ucber  die  VorSndcningen  des  Central  net  vensfstemB  Qoch 
chronisoher  Vprgirtung;  init  Itrom.  Kokain.  Nikotin  ud(]  Antipjrrin.  Unfar. 
Areh.  t  Med..  Wiesb..  lid.  ii  (1803-'94).  S,  257-384. 

"  l;a?lelt,  K.  F...  and  W.  1(.  Wnrrin|^on.  The  Jlorbid  AnBtomf  of  s 
Case  of  1*8(1  Paralysis.  Condition  ii(  the  Nerves,  Muscles.  Muscle  Spindles, 
and  Spinal  Coni.     hrain,  I^nd.,  vol.  xxi  (1898).  pp.  224-231. 

I  Wright.  H.  K.  Thp  Cerebral  Cortic-al  Cell  under  the  Influence  of 
Polaonons  Dost's  of  Potassii  Bromiduin.     Brain.  Loud.,  vol.  xii  U898),  pp. 
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Hess  *  on  the  effects  of  various  poisons,  should  be  mentioned. 
The  effect  of  cutting  off  the  blood  supply  to  the  neurones  is 
illustrated  in  Fig.  173. 

There  exists  also  a  series  of  researches  upon  acute  and 
chronic  infectious  processes,  those  experimentally  produced 
And  those  occurring  in  nature.  Among  these  may  be  men- 
tioned the  studies  of  Babes,!  Beck,I  Dejerine,*  Ewing,||  Gold- 
scheider  and  Brasch,^  Goldscheider  and  Flatau,{)  Lugaro,| 
Xicholl84  Sabrazes  and  Cabannes,^  Marinesco.** 

A  beginning  has  been  made  in  the  study  of  acute  and 
chronic  degenerative  processes  in  human  beings  and  in  ani- 
mals, some  of  known  and  some  of  doubtful  origin:  The 
researches  of  Acquisto  and   Pusateri,ff   Ballet,JI   Ballet  and 

*  Mourek,  J.,  et  P.  Hess.  Lesions  fines  des  cellules  motrices  de  la  inoelle 
«pinicre  dans  les  divers  etats  d*einpoisonnement.  Rev.  neurol.,  Par.,  t.  v. 
(1897),  No.  23. 

f  Babes,  V.  Ueber  den  Einfluss  der  verschiedenen  Infectionen  auf  die 
Nervenzellen  des  RQckenmarks.  Berl.  klin.  Wchnschr.,  Bd.  xxxv  (1898), 
S.  6;  36:  56. 

X  Beck.  A.  Die  Ver&nderungen  der  Nervenzellen  beim  experimentellen 
Tetanus.  Orvosi  hetil.,  Budapest,  vol.  xxxvii  (1893),  No.  32.  Ref.  iin  Neurol. 
€entralbl.,  Leipz.,  Bd.  xiii  (1894),  No.  24. 

•  Dejerine,  J.  Snr  la  chromatolyse  de  la  cellule  nerveuse  au  cours  des 
infections  avec  hyperthermie.  Compt.  rend.  Soc.  de  bioL,  Par.,  10.  s.,  t.  iv 
<1897),  p.  728. 

I  Ewing,  J.  Studies  on  Ganglion  Cells ;  a  Preliminary  Communication. 
Med.  Rec,  N.  Y.,  vol.  liii  (1898),  pp.  513-517. 

^  Goldscheider,  A.,  und  F.  Brasch.  Ueber  die  Verftnderung  menschlicher 
Nervenzellen  beim  Fieber.    Fortschr.  d.  Med.,  Berl.,  Bd.  xvi  (1898),  S.  126-128. 

0  Goldscheider,  A.,  und  E.  Flatau.  Normale  und  pathologische  Anatomie 
•der  Nervenzellen  auf  Grund  der  neueren  Forschungen.    Berlin  (1898). 

1  Lugaro,  E.  Alterazioni  delle  cellule  nervose  nella  peste  bubbonica 
jperimenUle.    Riv.  di  patol.  nerv.,  Firenze,  vol.  ii  (1897),  pp.  241-244. 

JNicholls,J.  Studies  of  Typhoid  Fever.  J.  Exper.  Med.,  N. Y.,  vol.  iv  (1899). 

t  Sabrazes,  J.,  et  C.  Cabannes.  Note  sur  les  lesions  des  cellules  nerveuse^ 
de  la  moelle  dans  la  rage  humaine.  N.  iconog.  de  la  Salpetriere,  Par.,  t.  x 
<1897),  pp.  155-165. 

♦♦  Marinesco,  G.  Sur  les  l^ions  du  systeme  nerveux  central  au  cours 
des  maladies  infectieuses.  Corapt.  rend.  Soc.  de  biol..  Par.,  10.  s.,  t.  iv  (1897), 
pp.  795-798. 

tt  Acquisto,  v.,  ed.  E.  Pusateri.  SuU'  anatomia  patologia  depli  elementi 
nervosi  neir  uremia  acuta  sperimentale.  Riv.  di  patol.  nerv.,  Firenze,  vol. 
i  (1896),  pp.  877-385. 

Xt  Ballet,  G.  Ijes  lesions  cdrebrales  de  la  paralysie  g^nerale  etudiees  par 
la  m^thode  de  Nissl.  Ann.  med.-psychol..  Par.,  8.  s.,  t.  vii  (1898),  pp.  448-459. 
20 
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Dutil,*  Boedeker  and  Juliusburger,t  Cramer,!  Dejerine  and 
Thomas,*  Friedmann,||  Marinesco,-^  Monti,^  Popoff,J  Hoch4 
Quervain,J  Sacerdotti  and  Ottolenghi,**  Schaffer,tf  Lugaro 
and  Chiozzi,JJ  Soukhanoff,**  and  Stroebe.| 


*  Ballet  et  Dutil.  Sur  quelques  lesions  experimentales  de  la  cellule 
nerveuse.  Xllth  Internat.  medic.  Congr.  zu  Moskau.  Neurolog.  Centralbl.» 
Leipz.,  Bd.  xvi  (1897),  S.  915-916. 

f  Boedeker  und  Juliusburger.  Anatomische  Befunde  bei  Dementia  para- 
lytica.   Neurol.  Centralbl,  I^eipz.,  Bd.  xvi  (1897),  S.  774-779. 

X  Cramer,  A.  Pathologisch-anatomischer  Bef  und  in  einem  acuten  Falle  der 
Paranoiagruppe.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxix  (1896),  S.  1-24* 

*  Dejerine  et  Thomas.  Sur  Tabsence  d'alt^rations  des  cellules  ner- 
veuses  de  la  moelle  epiniere  dans  un  cas  dc  paralysis  alcoolique.  Compt* 
rend.  Soc.  de  biol..  Par.,  10  s.  (1897). 

I  Friedmann,  M.  Ueber  progressive  Verandeningen  der  Ganglienzelleu 
bei  Entzttndungen,  nebst  einem  Anhang  Uber  active  Verfinderungen  der 
Axencylinder.    Arch.  f.  Psychiat.,  etc.,  Berl.,  Bd.  xix  (1887),  S.  244-268. 

^  Marincsco.  Pathologic  de  la  cellule  nerveuse.  Rapport  pr^sente  au 
congres  international  de  mcdecine  k  Moscou.     Paris  (1897). 

0  Monti,  A.  Sur  I'anatomic  pathologique  des  elements  nerveux  dans  le» 
processus  provenant  d'embolismo  cerebral ;  considerations  sur  la  si^ifica- 
tion  physiologique  des  prolongements  protoplasmatiques  des  cellules  ner- 
veuscs.     Arch.  ital.  de  biol,  Turin,  t.  xxiv  (1895-^96),  pp.  20-33. 

J  Popow,  N.     Arch.  f.  path.  Anat.,  etc.,  Berl.,  Bd.  xciii  (1883),  S.  351-366. 

X  Hooh,  A.  On  Changes  in  the  Nerve  Cells  of  the  Cortex  in  a  Case  of 
Acute  Delirium  and  a  Case  of  Dclirum  Tremens.  Am.  J.  Insan.,  Bait.,  Yol. 
liv  (1897),  pp.  589-606. 

J  de  Qucrvain,  F.  Ueber  die  Veranderungcn  des  Centralnervensystems 
bei  experimenteller  Kachexia  thyreopriva  der  Thiere.  Arch.  f.  path.  Anat.« 
etc.,  Berl.,  Bd.  cxxxiii  (1893),  S.  481-550. 

**  Sacerdotti,  C,  e  D.  Ottolenghi.  SuUe  alterazioni  degli  eleraenti  nervosi 
nellii  discrasia  uremica  sperimentale.  Riv.  di  patol.  nerv,,  Firenze,  vol.  ii 
(1897),  S.  1-8. 

ft  Schaffer,  K.  Ueber  Nervenzellveranderungen  wShrend  der  Inanition. 
Neurol.  Centralbl.,  Leipz.,  Bd.  xvi  (1897),  S.  832-887 ;  also  Das  Verhalten 
der  Spinalganglienzellen  bei  Tabes  auf  Grund  Nissl's  Ffirbung.  Neurol. 
Centralbl.,  rjei})z.,  Bd.  xvii  (1898),  S.  2-7:  also  Ueber  NervenzellenverSnder- 
ungen  des  Vorderhorns  bei  Tabes.  Ein  Beitrag  zur  Pathogenese  der  tro- 
phischen  Storungen  der  Tabes.  Monatschr.  f.  Psychiat.  u.  Neurol.,  BerU 
Bd.  iii  (1898),  S.  64-98. 

II  Lugaro,  E.,  e  Tj.  Chiozzi.  Sulle  alterazioni  degli  elementi  nervosi  nelF 
iiianizione.     Riv.  di  patol.  nerv.,  Firenze,  vol.  ii  (1897),  pp.  394-400. 

**  Soukhanoff,  S.  Sur  I'histologie  pathologique  de  la  polyn^vrite  dans 
ses  rapports  avec  les  lesions  de  la  cellule  nerveuse.  N.  iconog.  de  la  Salp^ 
triore.  Par.,  t.  x  (1897),  pp.  347-354. 

I H  Stroebe,  II.  Uel>er  Veriinderungen  der  Spinalganglien  bei  Tabes  dor- 
salis.     Centralbl.  f.  allg.  Path,  und  path.  Anat.,  Jena,  Bd.  v  (1894),  S.  858-855. 
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In  the  investigation  into  the  changes  in  the  human  cerebral 
cortex  no  one  has  thus  far  had  so  much  experience  as  Franz  Xissl. 
In  a  recent  paper  *  he  distinguishes  seven  forms  of  alterations 
in  the  cells  of  the  human  cortex:  (1)  Acute  cell  disease;  (2) 
chronic  cell  disease;  (3)  severe  cell  disease;  (4)  combined 
disease  forms;  (5)  vanishing  of  cell;  (6)  simple  rarefaction; 
(7)  granular  breaking  up  of  the  cell.f 

Nissl  lays  much  emphasis  upon  the  first  of  these  forms,  the 
so-called  acute  cell  disease.  According  to  him  it  runs  the  same 
course  in  every  instance,  having  always  the  same  termination, 
and  when  it  has  once  appeared  it  involves  all  the  cells  of  the 
cortex  without  exception.  The  changes  are  so  characteristic 
that,  after  once  seeing  them,  one  can  make  a  positive  diagnosis 
without  difficulty.  The  disease  does  not  affect  a  part  of  the 
cell  only  but  involves  the  whole  neurone,  the  stainable  as  well 
as  the  unstainable  substance,  the  nucleus  as  well  as  the  cell 
body,  the  axone  as  well  as  the  dendrites,  all  parts  being  involved 
apparently  in  the  same  degree.  In  this  form  of  neurone  change 
the  unstainable  substances  are  so  altered  that  they  become 
stainable,  a  fact  which  makes  Nissl  think  that  his  '*'  unstain- 
able substance"  consists  not  only  of  a  fibrillary  constituent, 
but,  in  addition,  of  one  or  several  other  substances. 

Nissl  finds  this  acute  cell  disease  not  only  in  acute  paralyses 
but  in  a  great  variety  of  psychoses,  and  also  in  patients  who 
have  not  been  the  subjects  of  mental  disease  in  the  ordinary 
sense,  but  who,  succumbing  to  various  disorders,  have  before 
death  been  partly  delirious,  partly  somnolent.  The  involve- 
ment of  all  the  cells  in  the  cortex  is  an  exceedingly  interesting 
feature,  and  one  met  with  rarely  in  any  other  form  of  disease. 

An  instructive  paper  dealing  with  the  alterations  discover- 
able by  Xissl's  method  in  the  human  cortex  is  that  of  August 
Hoch,I  of  the  McLean  Hospital,  Waverly,  Mass.     Working  in 

♦  Nissl.  F.  Nervenzellen  und  graue  Substanz.  MUnch.  med.  Wchnschr., 
Bd.  xlv  (1898),  S.  988 :  1023 ;  1060. 

f  In  this  country  Hoch  (Hoch,  A.  On  Changes  in  the  Nerve  Cells  of  the 
Cortex  in  a  Case  of  Acute  Delirium  and  a  Case  of  Delirium  Tremens.  Am. 
J.  Insan.,  Bait,  vol.  liv  (1897),  pp.  589-606)  has  described  one  case  in  which 
the  "acute  cell  disease"  (acute  Verdndening)  and  another  in  which  the 
"severe  cell  disease"  {scktvere  Verdnderung)  of  Nissl  existed.  His  descrip- 
tions of  the  changes  are  the  fullest  and  most  accurate  in  the  English  language. 

X  Hoch,  A.  Nerve-Cell  Changes  in  Somatic  Diseases.  A  Preliminary 
Communication.    Am.  J.  Insan.,  Bait.,  vol.  Iv  (1898),  pp.  231-240. 
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Nissl's  laboratory  at  Heidelberg,  Hoch  had  been  impressed  with 
the  frequency  with  which  changes  were  found  in  the  cortical 
nerve  cells  in  individuals  dead  of  diseases  of  different  kinds. 
Recognizing  the  importance  of  a  thorough  knowledge  of  the 
possible  changes  in  the  cells  in  somatic  disease  for  the  inter- 
pretation of  the  pathological  alterations  met  with  in  the  brains 
of  the  insane,  Hoch  directed  his  especial  attention  toward  these. 
In  the  paper  mentioned  he  deals  with  a  particular  cell  altera- 
tion, which  he  designates  "cell  shrinkage."  He  has  studied 
this  change  in  human  beings,  in  whom  it  occurs  in  the  most 
diverse  diseases,  and  also  in  experimental  animals. 

This  alteration  in  the  cells,  as  he  describes  it,  is  found 
chiefly  in  the  medium-sized  and  smallest  pyramids,  as  well  as  in 
the  cells  of  the  fifth  layer.     The  contour  of  the  neurone  is  dis- 
torted and  shrunken,  and  there  may  be  much  retraction  of  the 
borders  of  the  cell  body  between  the  processes,  so  that  a  part  of 
the  cell  body  may,  at  first  sight,  look  like  part  of  a  cell  process. 
A  well-marked  honeycomb  structure  is  visible  in  the  cell  body, 
and  is  sometimes  indicated  in  the  processes.     The  nucleus  is 
darkly  stained,  diminished  in  size,  and  often  distorted.      In 
Xissl  preparations  it  looks  homogeneous ;  the  nucleolus  is  often 
oval  in  shape,  and  may  be  paler  than  normal,  but  never  shows 
a  purplish  hue.     Instead  of  the  honeycomb  appearance,  the  pro- 
toplasm may  be  "  crumbly-looking." 

While  tliese  changes  occur  in  the  smaller  pyramids  and  the 
cells  in  the  fifth  layer  and  in  a  few  of  the  larger  pyramids,  Hoch 
finds  a  very  different  appearance  in  most  of  the  larger  pyramidal 
cells  and  especially  in  the  largest  pyramids  (not  the  motor  or 
Betz  cells).  There  may  be  but  little  alteration  in  the  external 
form  of  the  cell  body,  but  there  is  marked  change  in  the  distri- 
bution of  the  stainable  substance  throughout  the  cell.  The 
stainable  substance  is  seen  at  the  base  and  at  the  sides  of  the 
pyramid,  sometimes  forming  a  rim  around  the  periphery  of  the 
cell ;  often  this  rim  is  not  continuous  but  consists  of  a  number 
of  separate  "  crumbly  "  portions.  The  basal  processes  are  much 
more  altered  than  the  large  apical  dendrite,  especially  in  the 
larger  cells.  The  alterations  in  the  nucleus  are  very  character- 
istic. No  nuclear  membrane  can  be  demonstrated,  and  the  in- 
terior of  the  nucleus  shows  no  trace  of  a  sharp  design,  in  Nissl 
preparations  frequently  looking  entirely  homogeneous.  The 
nucleolus  is,  however,  unaltered.     The  change  just  described 
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Hoch  designates  "  alteration  with  rarefaction  around  the  nu- 
cleus." 

As  a  rule  the  large  motor  cells  look  entirely  normal. 

In  two  of  his  cases  Hoch  met  with  an  alteration  in  which  the 
cells  may  be  compared  to  vesicles.  Around  the  nucleus  he  found 
a  narrow  rim  of  "  crumbly-looking  "  substance,  then  a  clear  area, 
and  at  the  periphery  of  the  cell  body  another  accumulation  of 
"  crumbly-looking  "  substance.  There  may  be  a  marked  accu- 
mulation of  the  stainable  substance  at  the  site  of  origin  of  a 
basal  process.  The  nucleus  in  such  cells  varies  much  in  appear- 
ance ;  sometimes  it  may  be  homogeneous ;  it  may  be  pale ;  it 
may  be  indistinctly  spotted,  or  sometimes  it  may  look  almost 
normal.  The  feature  common  to  these  cells  is  the  vesicular, 
balloonlike  appearance  of  the  defective  cell  body.  The  cells 
exhibiting  this  alteration  were  met  with  only  in  the  upper  layers 
of  the  cerebral  cortex. 

It  struck  Hoch  that  the  vesicles  may  be  due  to  oedema,  and 
he  accordingly  experimented  on  the  cortex  of  the  rabbit.  A 
piece  of  a  rabbit's  brain  immediately  after  decapitation  was 
placed  in  distilled  water  for  from  twelve  to  twenty-four  hours 
and  then  hardened  in  alcohol.  Another  piece  was  treated  with 
normal  salt  solution  and  subsequently  hardened  in  alcohol.  The 
cortex  treated  with  water  showed  by  Nissl's  method  typical 
"  vesicular  cells,"  while  the  cortex  treated  with  normal  salt  so- 
lution showed  cells  which  corresponded  in  every  detail  with  the 
typical  "cell-shrinkage."  Experiments  on  the  human  cortex 
obtained  from  healthy  individuals  at  autopsy,  so  far  as  they  went, 
confirmed  the  results  obtained  in  the  rabbit.  Hoch  was  not  able 
to  produce  experimentally  his  "alteration  with  rarefaction 
around  the  nucleus." 

Hoch  concludes  that  oedema  is  an  important  factor  in  the 
production  of  vesicular  cells.  He  points  out  in  his  article  the 
importance,  however,  of  bearing  in  mind  the  possible  appear- 
ance of  artefacts  due  to  the  action  of  alcohol  upon  the  tissues. 
It  may  be  that  the  modification  of  XissFs  method  recommended 
by  Lord  *  will  be  of  service  in  the  exclusion  of  such  artefacts, 

♦  Lord,  J.  R.  A  New  Nissl  Method  ;  Normal  Cell  Structure  and  the  Cyto- 
logical  Changes  terminating  in  Fatty  Degeneration  ;  some  Remarks  on  Cell 
Physiology  and  its  Relation  to  Insanity  ;  a  Note  on  the  Use  of  Picroformal 
Generally,  and  in  Bevan  Lewis's  Fresh  Method.  J.  Ment.  Sc..  Lond.,  vol. 
zUt  (1808),  pp.  698-700. 
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siuce  in  his  procedure,  ae  in  that  of  Sevan  Lewis,  frozen  sections 
ure  employed  and  alcohol  fixation  te  avoided. 

There  would  appear  to  be  some  ground  for  believing  that  a 
study  of  the  cliangcs  in  the  nerve  colls  enables  us  to  distinguish 
between  the  microscopic  picture  of  the  cell  body  of  a  neurone 
after  a  lesion  to  its  axone  and  that  which  results  from  tbe 
direct  action  of  toxic  aubstauces  upon  the  cell  body  of  the 
neurone. 

We  now  know  very  well  the  appearances  of  the  correspond- 
ing ventral  horn  cells  of  the  spinal  cord  and  medulla  after  seo 


III.  1*1.  -IVIls  from  iIk- iiiK'ld  •>(  till'  •H'liloiiiDloriiu  ni-rvi-a  of  the  cat  thirtoen 
(lays  uftiT  wrtiiiii  i.f  lliv  fnit  Jilm-s  •>{  tiic  iicrve  on  one  ride.  (AfU-r  E. 
Plnliiii.  FiirtM'hr.  (I.  MmI..  Ih-rl..  Ihl.  xiv.  I1W6,  l^if.  i.  Figit.  Sand  4.)  a,  ixM 
Ooui  ikiivli'iiH  iif  Kiilc  lint  iiiicnilcil  U|N>n,  nhiiwiHK  typicsl  stichochnime  ar- 
rBiiwmi-nt  (if  \1hs1  IhmIu'h  ;  b,  {irll  fRini  nuclrUK  nf  xiili'  iipt-ntcd  upim.  Tliir 
liiniiiiRi-m-iiim  duntliki- ■iipraiHlU'ciH  ivpntiiiiliHl.    Ken-  sni)  thrre  un^lr 
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tion  of  the  axonos  of  a  motor  nerve  {ride nupra).  Aftera  short 
time  tlie  cell  bodies  of  the  group  of  neurones  concerned  appear 
somewhat  swollen  niid  there  are  marked  changes  in  the  appear- 
ance of  the  protoplasm,  most  advanced  near  the  axone  hillock. 
These  changes  consii^t,  as  has  already  been  stated,  in  a  breaking 
up  into  fine  granules  of  the  tigroid  masses  with  difFnse  stain- 
ing of  the  achromatic  substance  of  the  cell.  If  the  changes 
be  very  marked,  as  is  often  the  case  in  yoimg  animalB,  the  ti- 
groid masses  may  diMajipear  from  a  large  portion  of  the  cell  body 
and  the  nucleus  may  be  displaced  to  the  side  of  tbe  cell.     As  a 
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result,  the  typical  stichochrome  arrangement  of  the  tigroid  ag- 
gregations inside  the  body  of  the  cell  is  entirely  lost,  in  late 
stages  in  the  dendrites  also,  and  what  stainable  substance  is 
left  appears  in  the  form  of  fine  dustlike  particles  or  as  a  diffuse 
blue  stain  (Fig.  174).  These  secondary  changes  in  the  cell 
bodies  of  neurones,  the  evidence  of  "  reaction  at  a  distance," 
may  lead  to  the  death  of  the  cell  in  case  the  peripheral  connec- 
tion can  not  be  again  made,  although  more  often  after  a 
certain  length  of  time  there  is  a  gradual  restitution  of  the  nor- 
mal appearances,  due,  Xissl  thinks,  to  the  formation  of  new 
connections.  According  to  Marinesco,  there  occurs  during  the 
process  of  repair  progressive  hypertrophy  of  the  nerve  cell  up 
to  a  period  as  late  as  ninety  days  after  the  operation.  He  be- 
lieves that  this  increase  in  size  of  the  nerve  cell  is  for  the  pur- 
pose of  assisting  in  the  repair  of  the  lesions  in  the  divided 
nerve,  and  that  complete  return  of  function  occurs  only  after 
the  anatomical  continuity  of  the  peripheral  nerve  has  been  re- 
established. 

The  changes  in  the  cell  bodies  following  the  direct  action 
of  toxic  substances  upon  them  differ,  as  a  rule,  markedly  from 
those  just  described.  Without  going  into  a  detailed  description 
here  it  may  be  pointed  out  that  the  chromatolysis  under  these 
circumstances  begins,  as  a  rule,  not  inside  the  cell  but  rather 
at  the  periphery  of  the  cell  body  and  in  the  dendrites,  extend- 
ing gradually  toward  the  nucleus.  Marinesco  *  has  laid  gi-eat 
stress  upon  this  point,  and  has  brought  forward  in  evidence  the 
changes  which  occur  in  experimental  anaemia  after  ligation  of 
the  aorta  (Fig.  173,  vide  snpra),  in  hydrophobia,  in  acute  ex- 
perimental uraemia,  and  in  other  conditions,  lie  states  also 
that  in  addition  to  peripheral  chromatolysis  in  primary  lesions 
of  the  nerve  cell,  instances  are  met  with  in  which  the  chro- 
matolysis is  diffuse  and  others  in  which  it  is  perinuclear. 

My  own  studies,  made  on  several  forms  of  intoxication  with 
mineral  poisons,  on  cerebro-spinal  meningitis  (Fig.  175),  and, 
in  conjunction  with  J.  Erlanger,  on  the  facial  nucleus  of  rab- 
bits after  section  of  the  facial  nerve  (Fig.  176),  and  on  the  motor 
cells  in  the  ventral  horns  of  the  spinal  cord  after  extirpation  of 
the  biceps  muscle,  so  far  as  they  have  gone,  support  these  views. 


*  Marinesco,  6.     Pathologic  generale  de  la  cellule  nerveuse ;  lesions  se- 
eondaires  et  primitives.     Presse  nied.,  Par.  (1897),  pp.  41-47. 
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although  vith  certain  modifications  and  reBerrations.  The 
main  emphasis  in  the  *'  secondaiy  "  lesion  is  to  be  laid  upon  the 
fact  that  the  process  begins  near  the  axone  hillock.  Less  impor- 
tance is  to  be  attributed  to  the  peripheral  cbromatolysis  in  the 


fnim  Ihf  liiimBn  s|iinal  cini  in  I'piilpniii'  I'tmbm-Bpiiull  mCDiDRltiB. 
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iIIkt  is  diKplflci'cl  til  tlie  siiU-  i>r  tbi-  rvM  Marked  diaorgmni^tioD 
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"  primary  "  lesion,  since  in  ricin  poisoning,*  for  eutmple,  changes 
may  iiave  occnrred  in  the  Xissl  bodies  throughout  the  cell  body 
at  a  very  early  period,  even  before  there  is  actual  chromatolysis. 
In  the  study  of  the  pathological  anatomy  of  human  cases  the 


Fio.  ITS.— Four  DervKi^lUfTum  the  Ducleuancrvi  bcialiH  of  a  nbbit  aftwndHyii 
itftiT  Hection  of  the  nerve  root.  Drawing  made  fnim  one  of  J.  Eriaugers 
preparations. 

results  of  such  investigations  should  at  all  events  be  borne  care- 
fully in  mind,  and  it  will  be  the  duty  of  the  pathologist  to  en- 
deavor to  distinguish  in  the  various  forms  of  nerve  loaion  the 
alterations  which  depend  upon  "  reaction  at  a  distance  "  from 

*  Studied  in  tissues  ot  e:(  peri  mental  animals  kindlj-  supplied  bf  my  col- 
league. Dr.  S.  Plemer. 
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those  which  are  the  result  of  the  direct  action  of  noxaB  in  solu- 
tion in  the  blood  and  lymph  upon  the  cell  bodies  and  dendrites 
of  the  neurones.  In  certain  pathological  conditions  the  neu- 
rone may  doubtless  be  affected  in  both  ways  simultaneously. 
I  have  found  this  to  be  true  in  epidemic  cerebro-spinal  menin- 
gitis. 

The  lesions  in  this  disease  in  the  cells  of  the  ventral  horns 
are  in  part  those  of  reaction  at  a  distance,  in  part  those  of  pri- 
mary intoxication  of  the  nerve  cell.  I  am  of  the  opinion  that 
the  former  set  of  lesions  which  by  the  way  are  by  far  the  more 
pronounced  are  the  result  of  injury  to  the  motor  roots  by  the 
meningeal  inflammation,  the  latter  to  the  general  toxic  effect 
of  the  poisons  produced  by  the  bacteria  which  cause  the 
disease. 

Highly  interesting  in  this  connection  are  the  results  ob- 
tained by  Warrington,*  of  Liverpool.  He  has  cut  the  dorsal  roots 
of  spinal  nerves  from  the  fifth  to  the  ninth  thoracic  inclusive, 
and  studied  sections  of  the  various  segments  of  the  cord  by 
Xissl's  method.  He  found  alterations  in  a  large  number  of 
cells  in  the  seventh  and  eighth  segments,  especially  in  the  dorso- 
lateral group  of  cells  in  those  segments.  In  the  monkey  a 
great  many  cells  are  found  altered  on  the  opposite  side.  The 
alterations,  as  will  be  seen  in  Fig.  177,  are  similar  to  the 
changes  which  result  when  the  axones  of  these  cells  are  cut. 
Warrington  attributes  the  change  to  the  withdrawal  of  the 
afferent  impulses  which  normally  impinge  on  the  comual  cells, 
and  compares  his  results  with  those  obtained  from  the  well- 
known  experiments  of  Mott  and  Sherrington,!  by  which  it  was 
shown  that  section  of  the  dorsal  roots  leads  to  pronounced  loss 
of  muscular  tone,  ataxia,  and  marked  impairment  of  voluntary 
movement.  These  studies  of  Warrington,  taken  with  those  of 
Marinesco  and  van  Gehuchten,J  should  make  us  keep  in  view 
the  possibility  that  the  lesion  hitherto  supposed  to  be  typical  of 

♦  Warrington,  W.  B.  On  the  Structural  Alterations  observed  in  Nerve 
Cells.    J.  Physiol.,  Cambridge,  vol.  xxiii  (1898),  pp.  112-129. 

t  Mott,  P.  W.,  and  C.  S.  Sherrington.  Experiments  upon  the  Influence  of 
Sensory  Nerves  upon  Movement  and  Nutrition  of  the  Limbs.  Proc.  Roy. 
Soc.  Lond.,  vol.  Ivii  (1895),  pp.  345-481. 

X  Van  Gehuchten,  A.  l/anatomie  fine  de  la  cellule  nerveuse.  Xllth 
Congres  international  de  m^decine  »\  Moscou  1897.  Refer,  im  Neurol.  Cen- 
tralbl.,  Leipz.,  Bd.  xvi  (1897),  No.  19. 
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a  reaction  at  a  distance  duo  to  lesion  of  an  axoue  may  depend 
upon  an  entirely  different  cause — namely,  the  removal  of  affer- 
ent impuleea  from  the  dendrites  and  cell  bodies  of  the  neurones 
concerned. 

An  interesting  problem  for  research  in  connection  with  in- 
toxications has  probably  already  suggested  itself  to  the  minds  of 
many.  If  soluble  toxic  substances  are  capable  of  producing  with- 
in a  comparatively  short  period  of  time  alterations  within  the 
neurones  which  are  histologically  recognizable,  the  question 
arises,  AVhat  will  be  the  effect  of  administering  a  specific  antitoz- 
ine  at  the  same  time  as,  or  subsequently  to,  the  introdnetion  of 


the  toxic  substance  ?    At  the  date  of  writing  only  a  few  researches 
which  have  a  direct  bearing  upon  this  topic  have  been  made — 
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namely,  those  of  Goldacheidcr  and   Flatan*  upon  poisoning 
with  malon-Ditril  and  upon  tetanus  poisoning,  those  of  Man- 


\       J 


Fia.  1TB.— EITeotsafurtificialiiicnAsourhody temperature.  (AnerA.GuldachridcT 
u.  E.  Flalau,  Numule  und  pathulugiHuIiF  Anatomic  der  Nervenzellen.  etc.. 
Berl..  1898.Tar.  iv,  Fig.a.)    A  ventral  horn  cell  of  the  lateral  group  ig  shown. 

nesco  and  Chantemesse  f  upon  tetanus  toxine  and  antitoxine, 
and  of  Kempner  and  Pollack  X  on  botulismas  poisoning.     It  is 

*  Ooldscheider,  A.  und  E.  FUtau.  KenntDJss  der  Stnictur  der  Oan^tien' 
zflllen  (Vortrag  von  Goldschcider),  Verein  fQr  innere  Medecin.  Berl.  klin. 
Wchnschr.  (1897),  S.  287.  Also,  Normale  und  pathologische  Aoatomie  der 
Nervenzellen,  Berlin,  1898. 

t  Chantemesse  et  Marinesco.  D«a  lesions  histologiques  fixes  de  U  cellule 
nerveuse  dans  leurs  rapports  avec  le  develappement  du  tfetanoe  et  rimmunit^ 
«nti-t^lanique  [Abstr.j.  Bull,  et  mfim.  Soc.  mid.  d.  hflp.  de  Par,,  3.  s.,  t.  xt 
<1898).  pp.  96-104. 

t  Kempner,  W.  und  B.  Pollack.  Die  Wirkung  des  Botuliamusloiiru 
<Fleischgiftes)  uud  seines  speciGschen  Antitoxins  auf  die  Nervenzellen. 
DeatRche  raed.  Wchnschr..  Leipz.  u.  Berl..  Bd.  xxiji  (1897),  S.  505-507. 
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known  that  if  malon-nitril  be  injected  into  a  rabbit,  hydro- 
cyanic poisoning  quickly  results,  leading  to  the  death  of  the 
animal,  after  from  twenty  to  thirty  minutes,  with  paralytic  and 
dyspnoeic  phenomena.     If,  however,  the  animal  has  been   in- 
jected a  few  minutes  before  with  a  solution  of  hyposulphite  of 
soda  it  quickly  stirs  about  and  recovers.     It  is  supposed  that 
the  sodic  salt  acts  as  an  antidote  by  giving  off  sulphur  which 
unites   with   the  cyanogen  radicle.     In  animals  killed   with 
malon-nitril  distinct  alterations  in  the  Nissl  bodies  can  be  made 
out  (Fig.  178).     In  animals  treated  with  the  two  substances  and 
killed  after  nineteen  hours  certain  alterations  in  structure  are 
still  apparent,  though  after  seventy-one  hours  the  cells  are  again 
normal.     Goldscheider  and  Flatau  have  compared  the  findings 
in  such  instances  with  those  resulting  from  the  artificial  heat- 
ing of  animals  in  the  thermostat  up  to  42°  or  44°.    If  the  animal 
be  taken  out  b^ore  death  it  is  flaccid  and  incapable  of  moving. 
The  ventral  horn  cells  of  the  cord  examined  at  this  period  are 
seen  to  have  lost  their  normal  structure ;  the  tigroid  bodies  are 
replaced  by  light-brown  opaque  masses  and  by  single  granules, 
the  whole  cell  being  enlarged  and  the  dendrites  swollen  (Fig. 
179).    If  the  overheated  animals  be  removed  from  the  thermostat 
and  kept  alive,  gradual  restitution  of  the  normal  structure  can 
be  made  out  after  several  hours  (Fig.  180),  though  the  repiair  in 
the  cells  is  not  so  rapid  as  the  reappearance  of  function  would 
lead  one  to  believe.     While  the  animals  appear  to  recover  very 
quickly  from  the  symptoms,  the  regeneration  of  the  cells  after 
the  nutritive  disturbance  requires  for  completion  at  least  several 
days.    It  is  evident,  therefore,  that  changes  in  the  chromatic  sub- 
stance alone,  as  many  have  long  suspected,  do  not  suffice  to  ac- 
count for  the  clinical  phenomena  associated  with  them.    All  the 
evidence  goes  to  prove  that  the  function  of  the  cell,  as  has  already 
been  pointed  out  in  Section  III,  must  be  intimately  associated 
with  tlie  integrity  of  what  we  call  the  achromatic  substance. 

Marinesco  and  Chantemesse  have  studied  guinea-pigs  injected 
witli  tetanus  toxine  with  the  object  of  investigating  the  relation 
of  immunity  to  histological  alterations  in  the  cells.  After  in- 
jection of  the  toxine  alone  they  found  typical  alterations  in  the 
cells  of  the  ventral  liorns,  quite  like  those  which  have  been  de- 
scribed by  Xissl,  Goldscheider  and  Flatau,  and  others  (Figs.  181, 
1  Si>).  After  injection  of  tetanus  toxine  and  antitoxine  they  could 
find  no  alterations  in  the  cells  after  three  days,  but  if  the  anti^ 
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toxic  Berum  were  not  injected  until  twenty-four  hours  after  the 
injection  of  toxine,  distinct  alterations  in  the  cell  bodies  of  the 
neurones  could  still  be  made  out,  although  it  is  stated  that  these 
were  less  marked  than  when  the  toxine  alone  had  been  injected. 
The  various  changes  in  the  nucleus  and  nucleoli,  to  which 
considerable  attention  has  been  already  directed  by  a  number 
of  investigators,  afford,  to  a  certain  extent,  valuable  informa- 
tion concerning  the  state  of  nutrition  of  the  cell,  but  they  must 
here  be  passed  over  without  further  comment. 


Plo.  180.— Recovery  of  ventral  hom  cell  fnira  chaiiKra  produced  hy  urtifldal  in- 
crease uf  iKHly  lempvisnirt.  (Afk-r  GiildBrheider  and  Flatau.  Nurniali'  und 
pntholosiahv  Anatomic  dtr  Nerveiiuplli'ii.  itf..  Rrl,.  1888.  Taf.  v,  Fig.  2.) 
Tlie  figure  Hhi)ws  a  ventral  hom  «■!!  of  the  luleni  Rroup  after  fight  boura 
andnlinirofiuttilution. 

A  warning  concerning  the  necessity  for  obtaining  very  fresh 
material  when  Nisal's  method  is  to  be  employed  for  studying 
pathological  alterations  may  not  be  superfluous.  Not  only  may 
lesions  in  nerve  cells  change  in  appearance  in  pathological 
cases  a  short  time  after  death  (Marinesco),  hut  normal  cells 
may  by  post-mortem  alterations  come  to  resemble  those  altered 
as  the  result  of  disease.     We  have  to  thank   Neppi,*  of  Tram- 

*  Neppi,  A.  SiiUe  alterazinni  cadaveriche  delle  cellule  Dervose  rilevabili 
col  inetodo  ili  Ntssl.     Riv.  di  patol,  nerv.,  Pirenze,  voL.  ii  (1807),  pp.  152-155. 
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It  IHl.— EITiTta  or  trtnnus  tiiTiiip  upon  tin-  li'wor  motnr  neoMinee.  (AtVr 
(icililwlipi'liT  aiul  FIhIhh.  N"miali- iinrt  |>Hthn1i>ei«i-hi' Anatomie  der  Nn-ren- 
»'11i-ii.  i-ti-..  RitI..  IWM.  ThF.  vi,  Fiin.  1  nnd  3.)  A.  nnnnal  motor  Tratral 
honi  .■pll  i.r  the  ralihit,  Hli.miiiu  (tph-hI  stnirtiirr  as  ili'monHtrotrd  hy  Nlnl'a 
nirtli'K).  a  vi'iitrHl  Imrn  ci'll  twi.  hxiiiM  nfli-r  iiitrnvi'miiK  iiOrction  oT  O.M 
(1  CT1U..  -l-i-T-i'dit,  mint  inn  1  t.'lBiiiis  t.iiiiir.  Thr  imi'lfflloii  is  nrullen  and 
iif  H  liRhtiT  .-..[..r  tlmii  iiormil.  Tlir  tisroi'l  niHHW's  aiv  BWolIro  and  anllMt- 
wliat  pale,  thiHigh  thi'  nrraiiSPiiK'nt  U  vnM  prmprvnl. 
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Ki«.  1S2.— Mcin>  aclviini-i^  KtnitPs  c.f  poisiiiuns  witli  li'taiiim  t-jiiir.  '  Aflcr  Ocilil- 
nrheidrr  nnd  FUitiu,  N'liriiiiilc  iind  pnthnlnglH'hp  Anatniiiic  iler  KiTVpnitrlliii. 
Ph-..  Beri..  l«m.  Titf.  vii.  Piin.  1  Hnil  3.)  a.  nirvi' riOl  frntn  nn  animal  flvi- 
daytAfteTfiniiiicrtioTiiiro.nilHdiTin..  wliitinii  1:H00]  totanuA  toxinc  Ttv 
nucleolnii  \*  markcdlv  invollcn  :  thp  tiiriiiil  liiidipx  nrp  sImi  ninrli  hwoIIpii,  and 
an-  nunlfmtly  hniikiiiK  up  nnd  nn?  hii-onilnK  ill  term  inxldl.  A.  iw-tw  n'll 
from  an  animal  twi'nry-oiu>  liinir«  nnil  a  quarter  after  iiijii'lioii  of  0.04  (1 
<vm..4-pi>r-n>nt.  M>liiti<m1  Icliiinis  tuxiiii-.  Tlic  nurlcnliiH  Ih  deformed.  The 
tijCToid  nutSRpa  hIkiw  thi'  Bnt'ly  Kranu'ar  diKinti'CiHtioii. 
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busti's  laboratory,  for  a  report  on  the  changes,  reyealed  by 
NifisPs  method,  which  take  place  post  mortem  in  normal  nenre 
cells. 

Since  Neppi's  article  another  on  the  same  subject  has  ap- 
peared by  Barbacci  and  Campacci.*  A.  Hoch  states  that  the 
Betz  cells  of  the  paracentral  lobule  are  very  resistant  to  post* 
mortem  alteration. 

None  of  the  methods  at  present  at  our  disposal  suffice,  how- 
ever, for  more  than  the  discovery  of  what  must  be  relatively 
extremely  gross  alterations  in  the  structure  of  the  nerve  cells^ 
and  we  can  only  hope  that  ere  long  advances  in  cytological 
technique  will  permit  a  deeper  penetration  into  the  mysteries 
of  nerve-cell  organization. 

These  considerations  bearing  upon  the  physiology  and  pa- 
thology of  the  neurone  have  led  me  further  than  I  had  intended ; 
they  must  now  be  brought  to  a  close.  A  series  of  phenomena 
have  been  touched  upon,  all  too  briefly,  I  fear,  to  do  justice  to 
them — Wallerian  and  Tiirck's  degeneration,  the  changes  in  the 
nerve  centres  following  amputations,  the  experiments  of  von 
Gudden,  Bregman,  Darkschewitsch,  Nissl,  and  Flatau,  the  effects 
of  injury  to  the  nerve  centres  through  cutting  oflf  of  the  blood 
supply,  the  effects  of  acute  and  chronic  poisonings  of  the  neu- 
rones, the  phenomena  of  regeneration,  the  incessant  activity  of 
the  nervous  structures,  the  absence  of  proof  of  any  actual  spon- 
taneity in  the  elements,  the  doctrine  of  the  specific  energies  of 
nerves,  the  unity  of  nerve  functions  in  the  neurones,  the  direc- 
tion in  which  impulses  are  transmitted,  and  the  influence  of 
activity,  fatigue,  repose,  poisoning,  etc.,  upon  the  structure  of  the 
nerve-i^ell  protoplasm.  This  cursory  glance,  however,  over  many 
phases  of  the  metabolic  and  nervous  activities  of  the  neurones 
may  have  sufficed,  I  hope,  to  throw  the  essential  points  con- 
corning  the  nutrition  of  neurones  into  relief.  The  changes 
(^liaracteristic  of  the  degenerations  of  Waller  and  of  Tfirck 
prove  to  us  that  no  matter  how  important  the  medullary  sheath 
may  be  in  the  integrity  of  the  neurone  for  the  nutrition  of  the 
axone  inside  it,  it  is  certain  that  this  influence  alone  or  to- 
gether with  that  of  tlie  nutrient  supplies  arriving  through  the 
nodes  of  Ranvier  can  not  suffice  for  the  maintenance  of  the 


♦  Barbacri,  O.,  p  (f.Cainpiioci.     Sulle  lesioni  ca<laveriche  delle  cellule 
ncrvose.     Riv.  <li  patol.  nerv.,  Firenze,  vol.  ii  (1897),  pp.  837-847. 
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health  of  the  nerve  fibre.  There  is  not  a  little  evidence,  in- 
deed, favoring  the  view  that  the  medullary  sheath  depends  for 
its  noariahment  upon  the  axone,  rather  than  that  the  axone  is 
nourished  from  the  medullary  sheath.  Some  influence  or  influ- 
ences from  the  rest  of  the  neurone,  particularly  from  the  cell 
body,  are  essential  to  the  well-being  of  the  nerve  fibres.  What 
is  the  nature  of  this  influence  or  of  these  influences  ?  Does  the 
axone  actually  receive  all  its  nutrient  material  from  the  gan- 
glion cell,  or  does  it  depend,  as  would  seem  a  priori  much  more 
likely,  for  the  most  part  upon  autochthonous  metabolism, 
needing  only  the  influence  of  the  cell  to  which  it  is  connected 
to  govern  the  assimilation  ?  These  are  questions  for  which  the 
data  at  command  do  not  permit  as  full  answers  as  we  could  wish. 
Every  one  must  grant  that  the  peripheral  nerve  flbre  takes  care 
in  large  part  of  its  own  nutrition ;  the  presence  of  vasa  ner- 
vorum a£Fords  sufficient  warrant  for  this  belief.  Further,  the  evi- 
dence for  its  subordination  to  local  processes  of  diffusion  is  to 
be  found  in  the  local  injuries  to  peripheral  nerves  resulting 
from  the  circulation  in  the  blood  of  soluble  substances  of  a  toxic 
nature — as,  for  example,  in  diphtheria.  The  key  to  the  whole 
problem  undoubtedly  lies,  as  the  neurone  concept  teaches,  in 
the  fact  that  the  axone  in  all  its  parts,  no  matter  how  far  re- 
moved from  the  cell  body,  is  an  integral  part  of  a  single  cell. 
To  explain  the  influence  of  the  cell  body  upon  the  flbre,  Gold- 
scheider  has  advanced  a  very  ingenious  hypothesis.  He  sug- 
gests that  it  is  most  probable  that  there  is  an  actual  transport 
of  a  material,  perhaps  a  fermentlike  substance,  from  the  cell 
along  the  whole  course  of  the  axone  to  its  ^ctremity,  and  that 
flrst  through  the  influence  of  this  chemical  body  the  axone  is 
enabled  to  make  use  for  its  nutrition  of  the  material  placed  at 
its  disposal  in  its  anatomical  course.  Schafer  sees  in  the  loss 
of  the  influence  of  the  nucleus  the  important  factor  in  cellulif- 
ugal  degeneration  of  a  severed  nerve  fibre,  but  attempts  no  ex- 
planation of  the  nature  of  the  nuclear  power  exerted.*  Per- 
sonally, I  rather  favor  the  view  advocated  by  von  Lenhossek, 

♦  To  gain  an  idea  of  the  recent  conceptions  concerning  the  relation  of  the 
nucleus  to  nutritive  processes  in  the  cell  the  article  of  Ilaberlandt  (Ueber 
die  Beziehungen  zwischen  Function  und  Lage  des  Zellkerns  bei  den  Pflan- 
aen,  Jena,  1887)  and  that  of  Korschelt  (BeitrSge  zur  Morphologic  und  Phy- 
siologie  des  Zellkemes,  Zool.  Jahrb.,  Abth.  f.  Anat.,  Bd.  xxvi,  1880)  may  be 
consulted. 
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that  instead  of  assuming  an  actual  transportation  of  a  chemical 
substance  we  can  very  well  conceive  of  a  variety  of  excitation 
which,  starting  from  the  cell,  perhaps  even  from  the  nucleus, 
streams  constantly  through  the  axone,  and  in  it  in  some  way, 
perhaps  by  a  process  comparable  to  electrolysis,  maintains  the 
chemical  conditions  suitable  for  the  assimilation  of  the  nutri- 
tive juices,  a  view  entirely  compatible  with  tHe  fact  that  the 
trophic  action  of  the  cell  body  appears  to  be  least  active  in  the 
parts  of  the  axone  most  distant  from  it.      Goldscheider  has 
argued  that  since  peripheral  sensory  fibres  (in  which  presum- 
ably the  impulses  are,  in  the  main  at  least,  centripetal)  degen- 
erate completely  when  cut  through,  just  as  do  divided  motor 
fibres  in  which  the  impulses  are  centrifugal,  the  influence  of 
the  ganglion  cell  presiding  over  the  assimilation  is  not  identical 
with  the  functional  excitation,  an  idea  which  Rumpf  ♦  hud  as 
early  as  1882  satisfactorily  stated.     In  view  of  what  I  have  said 
before  concerning  the  possibility  of  functional  excitation   in 
either  direction  in  a  neurone,  this  argument  would  lose  some- 
thing of  its  force ;   but,  granting  that  it  is  well  based,  it  need 
not  militate  against  von  Lenhoss^k's  hypothesis,  inasmuch  as 
in  the  absence  of  tlie  passage  of  genuine  nerve  impulses  cellu- 
lif  ugally  in  the  peripheral  sensory  fibres  the  transmission  of  the 
excitations  essential   to   nutrition  would  still  be   conceivable, 
and  would  certainly  be  no  more  difficult  to  conceive  of  than 
the  actual  cellulifugal  transport  of  a  chemical  substance  in  a 
direction  opposite  to  that  followed  by  the  functional  exeitation. 
The  more  thought  one  gives  to  the  subject,  the  more  he  will 
find  in  the  trophic  •relations  of  the  neurones  to  make  him  hesi- 
tate before  he  denies  the  possibility  of  the  conduction  of  im- 
pulses or  influences  in  either  direction  throughout  the  neurone. 
But  h3rpothe8es  such  as  have  just  been  considered  will  not 
suffice  for  the  interpretation  of  the  findings  in  the  main  body 
of  the  neurone  after  division  of  its  axone — those  included  in 
the  delicate  experinienta  of  Nissl,  Flatau,  Marinesco,  Erlanger, 
and  others,  as  well  as  those  in  the  earlier  studies  of  von  Gud- 
den  and  his  pupils,  and  in  the  observations  upon  the  nervons 
system   after  amputations.     We   have  seen  that  these  obser- 
vations have,  partially  at  least,  annulled  the  validity  of  Wal- 


•  Rumpf,  Th.    Zur  Degeneration  durchschnittener  Nerven.    Unteisach. 
a.  a.  physiol.  Inst.  d.  Univ.  Heidelb.,  Bd.  iv  (1882). 
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ler's  doctrine  of  the  trophic  relations  of  the  nerve  cells,  for 
after  injury  to  an  axone,  in  addition  to  the  degeneration  in  the 
axone  peripheral  to  the  lesion,  there  are  demonstrable  altera- 
tions in  the  cytoproximal  end  of  the  axone  and  especially  in  the 
cell  body  of  the  neurone  itself. 

Marinesco,  in  his  careful  study  of  the  nervous  system  after 
amputations,  attempted  to  account  for  the  discrepancy.  Al- 
though up  to  this  time  the  spontaneity  of  nerve  function  had 
scarcely  been  questioned,  this  author  threw  doubt  upon  the 
automatic  activity  of  the  nerve  cell.  It  was  his  idea  rather 
that  the  functional  activity  of  a  nerve  cell  was  entirely  depend- 
ent upon  stimuli  reaching  it  from  the  outside,  and  that  in  the 
absence  of  the  advent  of  external  stimuli  the  spinal  ganglion 
cells,  for  example,  can  not  retain  their  nutritive  functions.  He 
was  more  cautious  in  his  explanation  of  the  atrophy  of  the 
ventral  horn  cells,  but  suggested  that  in  case  a  limb  was  ampu- 
tated, even  though  the  path  carrying  voluntary  impulses  to  the 
motor  cells  in  the  ventral  horns  remained  intact,  the  one  which 
brought  the  sensoty  impulses  concerned  in  reflex  activities  was 
interfered  with,  and  the  diminution  in  impulses  reaching  the 
ventral  horn  cells  thus  brought  about  could,  he  thought,  result 
in  a  marked  depreciation  of  their  vitality.  Goldscheider,  in 
his  article  dealing  with  the  doctrine  of  the  trophic  centres, 
accepts  fully  this  hypothesis  of  Marinesco  and  in  a  way  extends 
it.*  Von  Lenhossek,  who  is  favorably  impressed  by  it,  does  not 
believe,  however,  that  the  loss  of  centripetal  stimuli  reaching 
the  corresponding  segment  of  the  spinal  cord  by  way  of  the 
sensory  fibres  coming  from  the  muscles,  tendons,  etc.,  after 
injury  to  a  motor  nerve,f  will  suffice  to  explain  the  alteration 
in  the  cells  of  origin  of  the  fibres  cut  through.  While  I  can- 
not agree  with  von  Lenhossek  that  there  is  no  physiological 
basis  for  the  view  that  these  stimuli  influence  the  motor  cells 
which  lie  in  the  same  segment  of  the  spinal  cord,  or  that  no 
reason  for  such  a  relation  is  visible,  it  must  nevertheless  be 
granted  that  in  his  attempt  to  offer  a  suitable  e^lanation  he 
has  called  attention  to  another  possible  factor  which  may  be  of 
decided  import  as  regards  nutrition.     He  finds  the  simplest  ex- 

^  Strong  confirmatory  evidence  has  since  been  adduced  by  Warrington 
and  yan  Gehuchten.    Vide  supra. 
t  Cf.  NissFs  experiments. 
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planatioD  of  the  degenerative  plienomena  in  question  in  the 
asaumption  that  for  every  nerve  cell  a  necessary  condition  of 
existence  is  its  normal  connection  with  its  end  organ  by  means 
of  its  axone — for  example,  in  the  caae  of  a  cell  of  the  ventral 
horn  ivith  its  corresponding  muscle.  In  the  cutting  through  of 
a  motor  asono  it  is,  according  to  him,  not  the  loss  by  the  motor 
cell  of  the  few  centripetal  stimuli  which  this  might  occasion, 
but  rather  the  impossibility  of  a  normal  discbarge  of  energy,  the 
nerve  cell  being,  as  it  were,  embarrassed  by  the  storm  of  excita- 
tions retiching  it  by  way  of  the  reflex  collaterals,  fibrils  of  the 
pyramidal  tracts,  or  other  connections.  Flatan,  in  bis  discus- 
sion of  the  subject,  takes  a  midway  position,  believing  that  the 
nutrition  of  the  ganglion  cell  may  be  affected  either  by  dimina- 
tion  in  the  number  of  impulses  which  it  receives  or  by  the  con- 
sequent impossibility  of  the  giving  off  of  stimuli  to  muscles  or 
to  other  neurones.  This  certainly  is  a  very  rational  position 
to  take,  inasmuch  as  in 
^     __  -~*-  a  society  of  cells,  just  as 

111  any  other  commu- 
nity, if  one  member  be 
deprived  of  the  influ- 
ences of  its  fellows, 
or,  although  receiving 
such  influences,  become 
glutted      with      them, 

owing  to  inabilitv  to  dis- 
Fm.  Iss.-SMiiiMlKaiiRlii'niullBliowiiiB  nmrki'rt       ,  .,  "^     . 

Hifniiioiis  riiiiiiwiiiii  M-ctiiiii  iif  tiiu  xriniiv    Charge   its    own    func- 

UftiT  Lu^lir*^' """"'"" '  """""'  '""'"'"^'    tion8.that  member  must 

necessarily  suffer. 
Still  another  hypothesis  has  been  advanced  by  Lngaro,*  who 
lias  studied  the  alterations  in  the  spinal  ganglion  cells  after 
section  of  their  ])eripheral  {Fig.  183)  and  central  (Fig.  184) 
axones.  He  points  out  that  the  motor  axone  and  the  peripb- 
erul  prolongations  of  spinal  ganglion  cells  differ  in  that  they 
are  placed  at  the  opposite  extremities  of  nerve  elements.  This 
verj'  position  he  suggests  may  be  of  especial  iuQaence  as  regards 

*  Liifriiri>,  v..  SilUc  alleraztoiii  ilelle  cellule  iiorviKie  dcj  g^ngli  spinali,  in 
seifutLo  al  taglin  (jcllu  braiica  jierifuncn  o  (-eiitralo  del  toro  proluDgamento. 
Rir.  .li  ]iutol.  niTv..  Fir>>nz(^,  vol.  i  (1806).  pp.  4^7-470;  also,  Sul  oomporia- 
iiienlrt  dt-llp  wlhile  ntrvost  dei  gaiigld  -spiTiali  in  ?eguilo  al  taglio  delta 
brunca  ci-iitrali'  ilu  l»ru  pruluiiguiiieiito.     Ibiil.,  vol.  ii  (1897),  pp.  540-548. 
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disturbances  of  natrition.  He  thinks  that  either  suppreasion 
of  the  stimuli  normally  arriving  in  the  group  of  nerve  elements 
or  impediment  to  the  discharge  of 
energy  from  a  group  acts  by  dis- 
turbing ihe  normal  action  of  the 
metabolic  cycle  and  can  lead  to 
degeneration  of  the  neurones  He 
finds  however  that  while  after 
section  of  the  peripheral  axone  of 
the  spinal  ganglion  cell  there  are 
marked  nntritive  disturbances  to 
be  made  out  in  the  cell  bodies  in 
side  the  spinal  ganglia,  after  sec- 
tion of  the  fibres  of  the  dorsal  root 
of  a  spinal  nerve  or  its  intramedul- 
lary prolongations  only  insignifi- 
cant changes  or  none  at  all  are 
to  be  found  in  the  cells.  In  order  to  explain  this  apparent 
parados  he  suggests  that  the  various  elements  of  the  nervous 
system  offer  varying  resistance  to  nutritive  disturbances.  He 
can  imagine  that  the  sensory  elements  suffer  more  especially 
from  the  suppression  of  external  stimuli,  while  on  the  other 
hand  the  motor  elements  suffer  mainly  as  a  result  of  hindrance 
to  the  discharge  of  energy  elaborated  within  them,  and  which, 
under  normal  circumstances,  ia  removed  immediately  from  the 
centre  where  this  work  is  done.  It  is  Lugaro's  opinion  further 
that  the  recovery  of  certain  cells  in  the  spinal  ganglia  and  the 
permanent  alterations  or  complete  disintegration  of  others  is  to 
be  explained  by  the  assumption  of  variations  in  native  regenera- 
tive capacity  in  different  cells. 

That  the  injury  resulting  from  whatever  cause,  if  only  tem- 
porary, need  not  be  fatal  to  the  neurone  concerned,  is  fully 
indicated  by  the  general  work  which  has  been  done  on  regen- 
eration of  peripheral  nerves.  Even  though  the  preliminary 
signs  of  neurone  decay  can  foe  demonstrated  by  the  method  of 
Nisal,  the  trophic  function  is  not  at  first  lost,  inasmuch  aa 
strenuous  efforts  toward  repair  are  made,*  and  should  the  axone 


•  This  a  apparently  true  even  inside  the  central  nervous  sy 
Worcester,  W.  L.,  On  Kegeneralinn  of  Serve  Fibres  irisiiie  the  Ce 
VOHB  System.    J.  Nerv.  anrl  .M,>iit.  His..  N.  Y.,  vol.  iiv  (1898),  p.  6 
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happily  succeed  in  re-establishing  its  terminal  relations  there  is 
gradually  a  complete  restitution  to  the  normal  condition. 
Only  when  on  account  of  some  obstacles  in  the  way,  or  through 
some  other  cause,  this  re-establishment  of  the  former  or  other 
conduction  relations  of  the  neurone  is  rendered  impossible,  do 
complete  degeneration  and  disappearance  of  the  neurone  occur 
after  section  of  the  axone.  With  the  peripheral  sensory  axones 
the  trophic  effort  manifested  is  often  extreme,  as  many  unfortu- 
nate individuals  have  found  to  their  discomfort  in  the  appear- 
ance of  the  so-called  amputation  neuromata. 


SECTION  VI. 

ON  THE  GROUPING  AND  CHAINING  TOGETHER  OF 
NEURONES  IN  A  COMPLEX  NERVOUS  SYSTEM  LIKE 
THAT  OF  MAN  AND  MAMMALS. 


Introduction.    Chap.  XXVI. 

Subsection  I.  Neurones  connecting  the  sense  organs  of  the  body  with  the 
central  nervous  system  (peripheral  centripetal  neurones;  sensory 
neurones  of  the  first  order ;  sensory  protoneurones). 

Classification  of  sensory  impressions.  The  neural  segment. 
Physiological  and  clinical  studies.    Chap.  XXVII. 

A.  Centripetal  neurones  of  the  first  order  collecting  bodily  im- 

pressions: 1.  Those  connected  with  the  spinal  cord«  Chaps. 
XXVIII  to  XXXIV ;  2.  Those  connected  with  the  rhomben- 
cephalon, Chap.  XXXV. 

B,  Centripetal  neurones  of  the  first  order  collecting  impressions 

of  special  sense  :  1.  Peripheral  gustatory  neurones ;  2.  Periph- 
eral olfactory  neurones,  Chap.  XXXVI ;  3.  Peripheral  visual 
neurones.  Chap.  XXXV^II :  4.  Peripheral  auditory  neurones. 
Chap.  XXXVIII. 
Subsection  II.  Neurones  within  the  central  nervous  system  connecting  the 
end-stations  (nuclei  terminales)  of  the  axones  of  the  peripheral  cen- 
tripetal neurones  with  other  portions  of  the  central  nervous  system 
(sensory  neurones  of  the  second  and  of  higher  orders). 

A.  Central  neurones  of  sensory  conduction  paths  other  than 
those  corresponding  to  the  organs  of  special  sense:  1.  Those 
pertaining  to  the  spinal  peripheral  sensory  neurones — (a) 
Neurones  the  cell  bodies  of  which  are  situated  in  the  nuclei 
funiculi  gracilis  et  cuneati.  Chap.  XXXIX ;  (6)  neurones  the 
cell  boilies  of  which  are  situated  in  the  nucleus  dorsalis,  Chap. 
XL ;  (c)  neurones  the  cell  bodies  of  which  are  situated  in 
the  gray  matter  of  the  cord,  the  axones  going  to  the  fascicu- 
lus ventro-lat^ralis  Gowersi,  Chap.  XLI;  (d)  neurones  the 
cell  bodies  of  which  are  situated  in  the  gray  matter  of  the 
cord,  the  axones  going  to  the  fasciculi  proprii,  Chap.  XLII. 
2.  Those  pertaining  to  the  cerebral  peripheral  sensory  neu- 
rones— (a)  Neurones  the  cell  bodies  of  which  are  situated  in 
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the  nuclei  terrninale^  of  the  N.  vagus,  N.  glossopharvngeus, 
and  X.  intermedius,  Chap.  XLIII ;  {b)  neurones  the  cell  iKxHe^ 
of  which  are  situated  in  the  nuclei  terminales  of  the  X.  ves- 
tibuli,  Chap.  XLIV;  (f)  neurones  the  cell  bodies  of  which  are 
situated  in  the  nuclei  terminales  of  the  N.  trigeminus.  Chap. 
XLV'.    3.  Xeurones  the  cell  bodies  of  which  are  situated  in 
the  cerebellum,  the  axones  of  which  run  cerebralward,  and 
possibly  represent   an   indirect  central  sensory  conduction 
path,  Chap.  X  LVI.    4.  Central  sensory  axones  passing  into  or 
through  the  cerebral  peduncle  and  the  terminations  of  such 
axones — (a)  The  lemniscus  or  fillet,  Chap.  XLVII ;   {b)  the 
fasciculus  longitudinalis  medialis,  Chap.  XLVIII  ;   (r)  tlie 
forniatio  reticularis  alba.  Chap.  XLIX  ;  (d)  certain  fibres  of 
thei>rachium  conjunctivum  and  the  radiations  of  the  nucleus 
ruber.  Chap.  L.     5.  Central  sensory  axones  passing  through 
the  internal  capsule  (corticopetal  projection  neurones  of  the 
general  sensory  path) — (a)  Embryological  system  No.  1  :  (b) 
embryological  system  Xo.  2 ;  {c)  embryological  system  Xo.  S, 
Chap.  LI. 
B.  Central  neurones  of  conduction  paths  corresponding  to  the 
organs  of  special  sense :   1.  ( -entral   neurones  of  the   gus- 
tatory conduction  path ;   3.  Central  neurones  of  the  olfactory 
conduction  path,  Chai).  LII ;  3.  Central  neurones  of  the  visual 
conduction   path,  Chap.  LlII ;  4.  Central  neurones  of  the 
auditory  conduction  path,  Chap.  LIV. 
Subsection  III.  Xeunmes  directly  connecting  the  central  nervous  system 
with  the  voluntary  muscles  of  the  body  (lower  motor  neurones). 

A.  Those  pertaining  to  the  spinal  cord,  Chap.  LV. 

B.  Tiiose   pertaining   to    the    rhombencephalon,    isthmus,   and 

mesencephalon — 1.  Those,  the  axones  of  which  belong  to  the 

X.  hypoglr)ssus ;  2.  Those,  tlie  axones  of  which  belong  to  the 

X.  accessorius ;  3.  Those,  the  axones  of  which  belong  to  the 

X.  vagus  et  glossopharyngeus ;  4.  Those,  the  axones  of  which 

belong  to  the  X.  facialis;   5.  Those,  the  axones  of  which 

belong  to  the  X.  abduoens ;  6.  Those,  the  axones  of  which 

belong  to  the  X.  trigeminus;  7.  Those,  the  axones  of  which 

l)elong  to  the  X.  trochlearis ;  8.  Those,  the  axones  of  which 

l>elong  to  the  X.  oculomotorius.  Chap.  LVI. 

Si'BSErTioN  IV.  Xeurones  which  enter  into  conduction  relation  with  the 

lower  motor  neurones  and  throw  the  latter  under  the  inftuence  of 

other  centres  (intermediary  and  upper  motor  neurones). 

A.  Those,  the  axones  of  which  help  to  make  up  the  fasciculi 

proprii  of  the  spinal  cord.  Chap.  LVII. 

B.  Tliose,  the  axones  of  wliich  run  in  the  fasciculus  longitudi- 
nalis medialis  and  in  the  formatio  reticularis  alba  of  the 
rliombencephalon.  Chap.  LVI II. 

C.  Those,   tlie   cell   bodies   uf  which  are  situated  in   the  cere- 

bellum. Chap.  LIX. 
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D.  Those,  the  cell   bodies  of  which  are  situated  io  the  n 
cephalon  and  diencephaloD,  Chap.  LX, 

K  Those,  the  cell  bodies  of  which  are  situated  in  the  telen- 
cephalon (pallium  and rhinen cephalon) — I.  Those,  the  axones 
of  which  correspond  to  the  fasciculi  cerebrospinalea  o 
ramidal  tract,  Chap.  LXI ;  2.  Those,  the  aiones  of  which 
run  to  the  motor  nuclei  ot  the  cerebral  nerves.  Chap.  LXII 
3.  Those,  tiie  axones  of  which  correspond  to  the  frontal  cere- 
brocorticopontal  path,  Chap.  LXIII ;  4.  Those,  the  aione! 
of  which  correspond  to  the  temporal  eerebrocorticopontal 
path ;  S.  Those,  the  aiones  of  which  connect  the  lobus  ocri 
pitalis  with  the  nuclei  governing  the  movements  of  Ihe  ejres; 
II.  Tlioso,  the  aiones  of  which  connect  the  rhinencepbalon 
with  the  lower  motor  neurones.  Chap.  LXIV. 
>x  V.  Projection  neuroneii,  commissural  neurones,  and  association 
of  the  telencephalon. 

A.  Projection  neurones.  Chap.  LXV. 

B.  Commissural  neurones:  1.  Those,  the  medullated  axones  of 
which  correspond  to  the  flbres  of  the  corpus  callosum  ;  3. 
Those,  the  medullated  axoncs  of  which  correspond  to  the 
commissura  anterior  cerebri :  3.  Those,  the  medullated 
aiones  of  which  correspond  to  the  fibres  of  the  commissura 
hippocampi.  Chap.  LXVI. 

C.  Association  neurones:  1.  Those  with  short  axones;  2.  Those 
with  long  aiones.  Chap.  LXVII ;  3.  Iiocaljzntiim  of  associa- 
tion neurones  in  the  cerebral  cortei.  Flechsig's  doctrine  of 
"association  centres,"  Chap.  LXVIII. 


CHAPTER   XXVI. 

INTRODUCTORY. 

Methods  ot  description — Classification  to  be  followed — Architectonics  of  Ihe 
nervous  system — Neurone  systems — Conduction  paths. 

One  would  like  to  be  able  to  describe  tJie  Btructnre  of  the 
human  neirous  system  according  to  the  arrangement  of  the 
neurones  auderlying  the  various  functional  nervous  proceBnes. 
Unfortunately,  the  limited  knowledge  we  have  at  present  auf- 
ficea  only  for  a  beginning  of  such  a  description.  We  have 
gained,  it  is  true,  important  clews  concerning  the  individuality 
of  mechanisms,  the  successive  complication  of  nervous  phe- 
nomena, and  their  structural  basis  from  comparative  anatomy 
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and  from  studies  in  ontogeny.  Thus,  Edinger  ♦  in  the  last 
edition  of  his  text-book  has  given  us  for  the  first  time  a  view 
of  the  successive  increase  in  complexity  characterizing  the 
nervous  systems  belonging  to  a  large  series  of  animals,  and  the 
physiological  studies  of  Jacques  Loeb,  J.  Steiner,  and  A.  Bethe 
give  us  a  glimpse  of  what  we  can  hope  from  the  study  of  the 
functions  in  lower  forms.  Flechsig's  method  permits  us  also 
to  form  some  idea  of  the  mechanisms  underlying  the  simplest 
nerve  functions  in  human  beings  and  those  concerned  in  the 
performance  of  the  more  complex  ones  up  to  at  least  the  fifth 
month  of  extrauterine  life.  But  none  of  these  methods  fur- 
nishes us  with  more  than  a  beginning  on  the  lines  indicated. 

In  the  description  to  be  given  here  of  the  grouping  of  the 
neurones  no  attempt  will  be  made  to  describe  the  groups  ac- 
cording to  the  sequence  met  with  in  the  development  of  func- 
tion, but  instead,  inasmuch  as  for  practical  purposes  this  seems 
at  the  moment  to  be  more  important,  some  of  the  main  groups 
of  neurones  with  which  we  are  fairly  well  acquainted  and  of  the 
functions  of  which  we  have  a  relatively  extended  knowledge, 
especially  as  they  appear  in  the  new-born  babe  and  in  the  adult, 
will  be  dealt  with. 

The  central  cerebrospinal  nervous  system  is  ordinarily  de- 
scribed as  being  connected  with  the  other  organs  of  the  body 
and  with  the  external  world  by  means  of  nerves.  These  nerves 
contain  fibres  of  one  or  both  of  two  sorts,  afferent  or  centripe- 
tal, and  efferent  or  centrifugal.  By  means  of  the  former  the 
neurones  within  the  central  system  are  capable  of  being  influ- 
enced from  without ;  through  the  latter  they  exert  an  influence 
upon  other  parts  of  the  body.  To  borrow  an  illustration  from 
von  Lenhossek,  the  peripheral  nerves  care  for  the  "  import  ^ 
and  "  export "  relations  of  the  central  nervous  system,  while 
the  neurones  inside  look  after  "  home  "  relations.  In  the  fol- 
lowing account,  therefore,  it  will  be  necessary  to  consider  the 
structural  relations  of  the  neurones  which  connect  the  sense 
organs  of  the  body  with  the  central  nervous  system  (includ- 
ing the  afferent  nerves),  of  those  connecting  the  central  nerv- 
ous system  with  the  muscles  of  the  body  (including  the  efferent 

♦  Edinger,  L.  Vorlesun^n  ueber  don  Ban  dcr  nervflson  Centralor^ne 
des  Menschen  nnd  der  Thicre  fftr  Aerzte  und  Studirende.  5,  Aafl.,  LeipL,. 
1896,  898  pp.,  8vo. 
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nerves),  and  of  those  of  the  collections  of  neurones  inside  the 
central  nervous  system.  The  different  groups  may  be  con- 
veniently discussed  under  the  following  headings : 

I.  Neurones  connecting  the  sense  organs  of  the  body  with 
the  central  nervous  system  (peripheral  centripetal  neurones; 
sensory  neurones  of  the  first  order;  sensory  protoneurones). 
Chaps.  XXVII  to  XXXVIII. 

II.  Neurones  within  the  central  nervous  system  connecting 
the  end-stations  of  the  axones  of  the  peripheral  centripetal  neu- 
rones with  other  portions  of  the  central  nervous  system,  and 
neurones  which  in  turn  connect  the  end-stations  of  the  latter 
with  still  higher  portions  of  the  central  system  (sensory  neu- 
rones of  the  second  order  and  of  higher  orders).  Chaps.  XXXIX 
to  LIV. 

III.  Neurones  connecting  the  central  nervous  system  with 
the  voluntary  muscles  of  the  body  (lower  motor  neurones). 
Chaps.  LV  and  LVI. 

IV.  Neurones  within  the  central  nervous  system  which  enter 
into  conduction  relation  with  the  lower  motor  neurones  and 
throw  the  latter  under  the  influence  of  other  centres.  Neu- 
rones connecting  the  pallium,  cerebellum,  etc.,  with  the  lower 
motor  neurones.     Chaps.  LVII  to  LXIV. 

V.  Projection,  commissural,  and  association  neurones  of  the 
telencephalon.     Chaps.  LXV  to  LXVIII. 

An  idea  of  the  tectonics  or  architecture  of  the  nervous  sys- 
tem, considering  the  neurones  as  the  architectural  units,  can 
be  gained  only  when  we  form  spatial  conceptions  of  the  distri- 
bution of  the  various  neurones  and  their  processes  in  the  cen- 
tral and  peripheral  nerve  organs.  Such  spatial  conceptions  are 
obtainable  only  by  combining  in  the  mind  the  results  of  a 
whole  series  of  studies — embryological,  histological,  physio- 
logical, and  pathological.  A  careful  study  of  the  topograph- 
ical relations  in  faultless  sets  of  serial  sections  through  various 
degenerated  nervous  systems,  or  through  the  foetal  central 
organs  at  various  stages  in  the  process  of  myelinization,  together 
with  the  study  of  Golgi  preparations,  permits  one  to  make 
mental  fusions  of  the  single  pictures,  and  so  to  obtain  an  idea 
of  the  distribution  in  space  of  the  various  fibre  bundles,  and 
the  cells  of  which  they  represent  the  medullated  axones.  A 
much  more  accurate  method  is  that  of  graphic  reconstruction 
from  serial  sections   (W.  His),   or   plastic   reconstruction   by 
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means  of  wax  plates  (6.  Bom).  The  advantages  of  the  latter 
method  are  illustrated  in  the  model  of  the  rhombencephalon 
and  mesencephalon  constructed  by  Miss  Florence  Sabin,  to 
which  references  are  occasionally  made  in  the  following  chap- 
ters. If  he  has  not  obtained  "  ideas  in  three  dimensions  "  of 
the  groups  of  neurones  and  their  interrelations  inside  the  cen- 
tral nervous  organs,  the  student  will  find  himself  entirely  at 
sea  when  he  attempts  the  explanation  of  the  results  of  patho- 
logical lesions. 

The  term    "system"   is   employed  often  by  neurological 
writers,  and  unfortunately  not  always  in  the  same   way.     It 
would    seem  desirable,*  in  accordance  with  recent    G^erman 
writers,  to  limit  the  use  of  the  term  "  neurone  system  ''  to  an 
aggregate  of  homologous  inaxones,  and  to  restrict  the  use  of 
the  term  "  fibre  system  "   to  a  group  of  meduUated  axones  of 
homologous  origin  and  homologous  distribution  (as  regards 
their  collaterals,  subdivisions,  and  terminals).     Thus,  for  exam- 
ple, the  neurones,  the  cell  bodies  of  which  are  situated  in  the 
spinal  ganglia,  the  central  axones  of  which  enter  the  dorsal 
funiculi  of  the  spinal  cord  and  terminate  in  its  gray  matter  or 
in  the  nuclei  of  the  medulla  oblongata,  together  represent  a 
great    "  system "   of  peripheral    spinal    centripetal  neurones. 
This  system  is  in  turn  divisible  into  suihsystetns — (1)  on  the 
ground  of  myelinization ;  and  (2)  according  to  the  particular 
nuclei  in  which  a  given  set  of  fibres  terminate.     The  fibres  of 
the  pyramidal  tract  represent  a  "fibre  system,"  since  (1)  they 
are  the  axones  of  homologous  cells  in  the  cerebral  cortex,  and 
(2)  they  terminate  in  homologous  regions  in  the  spinal  cord. 

Topographical  study  teaches  that  there  may  be  a  "  mixing 
of  systems  "  in  given  areas  of  a  cross  section.  A  given  topical 
area  in  a  microscopic  Hection  seldom  represents  an  entirely 
pure  "  fibre  system."  It  is  legitimate,  however,  in  topograph- 
ical descriptions,  to  give  names  a  forfiori  to  the  various  areas. 
Thus  we  speak  of  the  "  area  of  the  lateral  pyramidal  tract "  in 
a  cross  section  of  the  spinal  cord,  although  we  know  that  in 
this  area  a  few  fibres  other  than  those  of  the  pyramidal  tract 


♦  C'f.  Tschonnak,  A.  Teber  den  centralcn  Vcrlauf  der  aufsteigenden 
niiiterstranghahncn  und  deren  Bezielmnf^en  zu  den  Rahnen  im  Vorder- 
soitenstning.  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1808),  S, 
201-400. 
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exist ;  and  again  we  call  a  certain  bundle  in  the  dorso-lateral 
periphery  of  the  cord  the  fasciculnB  cerebellospinalia,  or  the 
dorso-lateral  spino-cerebellar  system,  though  we  have  good  evi- 
dence that  the  fibres  of  this  fasciculus  are  mixed,  in  places  at 
least,  with  fibres  not  homologous  with  the  spino-cerebellar  fibres. 
A  chain  or  series  of  neurone  systema,  constituting  a  function- 
1.1  unit  of  a  higher  order,  may  be  designated  a  "  conduction 
path  " — the  Germans  call  it  a  Leitungsbahn.*  Thus  the  several 
"  systems  "  following  upon  one  another  in  a  given  "  conduction 
path  "  may  be  spoken  of  as  primary  ayatems,  secondary  systems, 
tertiary  systems,  etc.  In  the  general  centripetal  conduction 
path  from  the  muscleB  to  the  cerebral  cortex  the  peripheral 
centripetal  neurones  corresponding  to  the  spinal  ganglion  cells 
represent  a  "  primary  system  " ;  the  neurones  of  the  next  higher 
order  (whose  perikaryons  and  dendrites  are  in  the  nucleus  fa- 
nici.li  cuneati  (or  nucleus  funiculi  gracilis)  and  whose  axones 
run  as  internal  arcuate  fibres  across  the  raphe  into  the  opposite 
interolivary  layer,  and  on  through  the  medial  lemniscus  to  ter- 
minate in  the  ventro-Iateral  part  of  the  thalamus)  represent  a 
"  secondary  system  " ;  while  the  neurones  connecting  the  ventro- 
lateral part  of  the  thalamus  with  the  somsesthetic  area  of  the 
cerebral  cortex  represent  a  tertiary  system.  This  sensory  "  con- 
duction path  "  would  consist,  then,  of  three  superimposed  sets 
of  "  neurone  systems,"  As  we  shall  see,  in  the  "  afferent "  or 
"  centripetal "  conduction  paths  the  perikaryons  and  dendrites 
of  a  given  "neurone  system  "  are,  as  a  rule,  situated  below  and 
the  axones  ascend  toward  the  perikaryons  and  dendrites  of  the 
next  neurone  ayatem.  On  the  other  hand,  in  the  "efferent" 
or  "  centrifugal "  conduction  paths  the  perikaryons  and  den- 
drites of  a  given  neurone  system  are  situated,  as  a  rule,  above, 
and  the  axones  detrend  toward  the  perikaryons  and  dendrites 
of  the  neurone  system  of  the  next  order.  To  use  a  nomencla- 
ture suggested  by  Tschermak,  the  efferent  conduction  path  is 
composed  of  "  distal-axone  "  systems,  and  the  afferent  conduction 
path  of  "  central-axone  "  systems.  The  "  distal-axone  "  systems 
are  in  the  main  motor  or  refiex,  the  "  central-axone  "  systems, 
in  the  main,  sensory. 


•Cf.  Held,  H.  Arch.  f.  An«t.  u.  Phj-siol.,  Anat.  Ablh,,  I*ipz.  (1898), 
R.  430.  Also  the  numerous  publications  of  Paul  Flechsig  and  of  W.  von 
BechUrew. 
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In  a  given  conduction  path,  composed  of  several  superim- 
posed or  subimposed  neurone  systems,  the  primary,  secondary, 
and  other  systems  need  not  necessarily  contain  the  same  total 
number  of  neurones ;  indeed,  as  we  have  seen  already,  and  shall 
see  further  on,  a  single  neurone  of  one  system  is  often,  by  A'irtne 
of  a  number  of  end-ramifications,  able  to  enter  into  conduction 
relations  with  a  number  of  neurones  in  a  neurone  system  of  the 
next  liigher  order  (e.  g.,  terminals  of  X.  trigeminus  in  the  sub- 
stantia gelatinosa,  terminals  of  tractus  opticus  in  the  eollieulus 
superior) ;  in  other  instances,  on  the  contrary,  the  terminals  of 
a  large  number  of  axones  of  one  neurone  system  may  be  so 
arranged  that  they  can  influence  only  a  smaller  number  of 
neurones  of  a  neurone  system  of  the  next  order  (e.  g.,  Xn. 
olfactorii,  terminating  in  the  olfactory  glomeruli).  In  the  one 
case  there  is  a  "  multiplication  of  elements  "  in  the  direction 
of  the  conducting  path,  in  the  other  a  "reduction  of 
elements."  * 

To  a  description  of  the  various  neurone  systems,  at  least 
those  that  are  best  known,  wo  may  now  conveniently  proceed. 

*  For  furtlier  intcrostiiig  considorations  of  a  similar  nature  with  regard 
to  neurone  systems  and  conduction  patlis,  especially  with  reference  to  the 
divergence  and  confluence  of  paths,  the  reader  may  turn  with  advantage  to 
the  article  of  Tschormak  above  cited. 


SUBSECTION  I. 

Neurones  Connecting  the  Sense  Organs  of  the  Body 
with  the  Central  Nervous  System  (Peripheral 
Centrii)etal  Neurones;  Sensory  Neurones  of  the 
First  Order;  Sensory  Protoneurones). 


CHAPTER   XXVII. 

ON  THE  CLASSIFICATION  OF  SENSORY  IMPRESSIONS  AND  THE 
RELATION  OF  THE  CENTRIPETAL  NEURONES  TO  THE  SEG- 
MENTATION  OF   THE   BODY. 

Neurones  collecting  bodily  impressions — Neurones  collecting  impressions 
from  the  external  world — Externalizatiou  of  impressions — The  neural 
segment  or  neurotome — Nn.  spinales — Radix  ventralis — Radix  dorsalis 
— Ganglion  spinale — Peripheral  nerves — Rami  communicantes,  etc. — 
Plexus  cervico-brachialis — Plexus  lumbo-sacralis — Cutaneous  distribu- 
tion of  peripheral  sensory  nerves — Cutaneous  distribution  of  dorsal  root 
fibres — Exp)erimental  studies  in  animals — Overlapping — Clinical  studies 
on  human  beings — Surface  areas  of  the  topographical  anatomists. 

The  peripheral  centripetal  neurones  are  those  through 
which  the  central  nervous  system  is  affected,  (a)  by  changes 
taking  place  in  the  body,  itself  (outside  the  central  nervous 
system  and  organs  of  special  sense),  and  (b)  by  physical  and 
chemical  influences  exerted  from  the  environment  of  the  in- 
dividual.* This  classification  of  sensory  neurones  conforms 
to  the  custom  of  dividing  the  impulses  which  pass  into  the 
central  nervous  system  into  (A)  impressions  which  concern  the 
body  itself,  and  (B)  impressions  which  concern  the  external 


*  In  this  connection  it  must  not  be  forgotten  that  the  neurones  within 
the  nerve  centres  can  be  and  often  are  very  significantly  affected  by  influ- 
ences dependent  upon  alterations  in  the  blood  and  lymph.  It  would  be  a 
grave  error  to  assume  that  all  the  phenomena  in  the  central  neurones  are 
dependent  upon  reactions  called  forth  by  impulses  coming  in  through  the 
peripheral  centripetal  fibres.  The  respiratory  mechanism,  for  example,  is 
largely  of  a  chemical  character.  This,  however,  is  so  obvious  when  one's 
attention  is  directed  toward  it  that  further  discussion  here  is  unnecessary. 
22  321 
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world,  the  former  including  what  has  ordinarily  been  known  as 
"  common  sensation,"  the  latter  embracing  the  ''  special  senses." 
The  tendency  of  the  mind  is  to  refer  the  sensations  which  may 
result  in  consciousness  from  the  former  set  of  impulses  to 
changes  in  the  body  itself,  and  to  project  those  which  result 
from  the  latter  set  of  impulses  into  the  external  world  ;  that  is 
to  say,  while  the  former  are,  as  a  rule,  not  "  objectivisable/'  or 
"  externalizable,"  the  latter  are  always  or  nearly  always  "ol>- 
jectivisable."  In  the  latter  set  of  impressions  an  element  of 
externality  seems  to  be  inherent. 

Such  a  distinction,  while  convenient  for  purposes  of  descrip- 
tion, is  not  wholly  free  from  objection.    In  the  skin,  for  example, 
one  meets  with  a  sensory  surface  which  concerns  not  only  the 
body  itself,  but  also  the  external  world.     And  even  impressions 
brought  into  the  nervous  system  through  the  muscle  sense  are 
probably,  to  a  certain  extent,  objectivisable.     For  the  sake  of 
convenience,  however,  and  with  this  preliminary  qualification, 
the  neurones  may  be  considered  under  these  headings,  the  first 
group  (a)  bringing  impulses  into  the  nerve  centres  from  the 
skin,  mucous  membranes,  muscles,  semicircular  canals,  bones, 
tendons,  joints,  sexual  organs,  and  internal  viscera ;  the  second 
group  (0)  bringing  impressions  into  the  central  nervous  system 
from  the  organs  of  special  sense ;  namely,  from  (1)  the  gus- 
tatory organs  ;  (2)  the  olfactory  organs;  (3)  the  visual  organs; 
(4)  the  auditory  organs. 

The  relations  of  the  sensory  nerve  to  the  so-called  neurotome 
or  neural  segment  are  shown  in  the  accompanying  figure  (Fig. 
185).  If  the  student  grasp  clearly  the  idea  of  the  neural  segment 
(cf.  Chapter  XVIII)  he  will  have  much  less  difficulty  in  under- 
standing the  architecture  of  the  nervous  system  in  general. 
In  the  illustration  the  motor  ventral  root  (radix  ventralis)  is 
seen  coming  out  of  the  ventro-lateral  surface  of  the  spinal  cord, 
being  formed  by  the  union  of  a  number  of  fila  radicularia.  It 
turns  dorsal  ward  where  it  is  joined  by  the  dorsal  sensory  root 
(3)  or  radix  dorsalis,  in  the  course  of  which  is  seen  a  nodular 
swelling,  the  (jan(jlion  spinale  (4).  The  ventral  root  forms  no 
definite  union  with  the  dorsal  root,  but  simply  lies  beside  it,  the 
combined  roots  forming  the  common  or  mixed  nerve  stem  (5). 
This  common  stem  of  a  spinal  nerve  divides  into  two  main 
trunks,  the  ramns  (lorsaJi.s  (0),  which  runs  dorsalward  to  supply 
the  musculature  and  skin  of  the  back,  and  a  ramus  veniraiis  (7),. 
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which  turns  ventral  ward  into  the  parietes  to  supply  the  muscu- 
lature and  skin  of  this  region,  including  the  musculature  and 
•  skin  of  the  extremities.    This  ventral  ramus  in  typical  instances 
gives  off  (a)  a  lateral  branch,  the  so-called  ramus  cutaneus 


Fio.  186. — Cross  section  of  the  central  and  peripheral  nervous  system  of  a  man, 
illustrating  the  neural  segment.  (After  A.  Kauber,  I^hrbuch  der  Anatomie 
dits  MeniM!hen,  V.  Aufl.,  I^ipz.,  1898,  Bd.  ii,  S.  265,  Fig.  233.)  /,  fissura 
mediana  ventral  is  of  the  spiiuil  conl ;  /,  sulcus  mi'dianus  dorsalis ;  '2,  radix 
ventralis  (motor) ;  S,  radix  dorsalis  (sensory) ;  4«  ganglion  spiuale  ;  5,  nervus 
spinalis  (c<)mm(»n  trunk);  6',  ramus  dorsal  is ;  7,  ramus  ventralis ;  8,  ramus 
communicnns:  9,  ramus  meningeus;  10^  ganglion  sympiithicum ;  /i,  ramus 
cutaneus  lateralis ;  Iji,  dorsal  limb,  lit,  ventral  limb  of  //  ;  /4«  ramus  cutaneus 
ventralis  divi<ling  int^  a  medial  limb  15  and  a  lateral  limb  16.  The  cross  sei*- 
tion  of  the  spinal  conl  shows  the  H-shaped  substantia  grisi'a  with  the  canalis 
centralis  in  the  c<>mmlssura  grisi>a.  AlM>ut  the  substantia  grisea  lies  the  white 
mantle  formed  by  the  substantia  alba. 


lateralis  (11)  (which  in  turn  divides  into  a  dorsal  (12)  and  a 
ventral  (13)  limb),  and  (b)  a  more  ventral  branch,  the  ramus 
cutaneus  ventralis  (14),  which  (dividing  into  a  medial  (15)  and 
a  lateral  (16)  limb)  innervates  the  skin  on  the  ventral  surface 
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of  the  body.  The  other  branches  of  the  rami  Tentrales  inner- 
vate the  whole  of  the  ventral  musculattire,  including  the  mus- 
clee  of  the  superior  and  inferior  extremities. 


P.  Fislcr,  fromRaaber'g  trzt-bcM»k.) 
iliiwcndeiui  h7p«l«t^ 

—  in.  forma  the  soBB  h]r]>i>- 

luriiiilnrlK  niBKnuB :  (cr.  N.  ratancu 


n,  to  N.  Hii-cwuirinii;  tpc.  No.  KUiirarlavii'iilHrrB ;  p.  K.  phrenlcna;  dt, 
MiliK  M-a|nilB>;   »».  \.  Miiinuu'Hpalariii;  a.  Nn.  suhacapalaTM ;  ac.  N. 


...  K.  ndisiu;  nw. 
tluiracalen  ventralea;  II.  N. 
us  nii-dialte ;  ei,  K .  catanena 


In  addition  to  the  main  division  of  the  mixed  or  common 
nerve  etem  into  a  ramus  ventraliB  and  a  ramus  doraalis,  two 
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other  rami  are  given  off  from  this  mixed  trunk,  namely,  the 
ramus  cofnmunicans  (8),  containing  both  sensory  and  motor 
fibres  destined  for  the  viscera  and  blood-vessels  by  way  of  the 
sympathetic  nervous  system  (10),  and  a  ramus  meningeus  (9), 
which  runs  back  through  the  foramen  intervertebrale  to  enter 
the  vertebral  canal,  there  to  break  up  into  fibres,  which  are  dis- 
tributed to  the  spinal  cord,  its  sheaths,  and  the  walls  of  the 
vertebral  canal. 

It  would  be  a  mistake,  however,  to  leave  the  impression 
that  in  each  peripheral  nerve  there  are  sensory  and  motor  fibres 
corresponding  only  to  one  common  stem  derived  from  a  single 
neural  segment.  While  this  would  be  true,  or  nearly  true,  for 
the  thoracic  region,  it  would  not  hold  for  the  cervical,  lumbar, 
and  sacral  regions.  In  these  regions  the  rami  ve?it rales  form 
anastomoses  and  plexiform  unions,  so  that  the  derivatives  of 
neighboring  neural  segments  become  incorporated  in  common 
bundles.  It  is  customary  to  describe  two  large  nerve  plexuses  : 
a  superior — the  so-called  plexus  cervico-brachialis  ;  and  an  in- 
ferior— the  so-called  plexus  lumbo-sacralis. 

ThQ  plexus  cervico-bracliialis  (Fig.  186)  arises  from  the  anas- 
tomoses formed  by  the  rami  ventrales  of  the  cervical  and  first 
two  thoracic  nerves.  It  is  subdivided  into  the  (1)  plexus  cer- 
xnralis  and  (2)  the  plexus  hrachialis^  the  latter  being  further 
subdivided  into  (fl)  a  pars  supraclavicularis  and  {b)  a  pars 
infraclavic  u  laris. 

The  plexus  lumbo-sarralis  (Fig.  187)  can  be  subdivided  into 
(1)  the  plexus  lumbalis^  (2)  the  plexus  sarralis,  and  (3)  the  plexus 
pudendo-caudalis,  the  latter  being  further  subdivisible  into  {a) 
the  plexus  pudendus  and  (b)  the  plexus  corcygeus.  The  plexus 
lumbalis  is  composed  of  the  ventral  rami  derived  from  the 
mixed  stems  of  the  four  upper  Xn.  lumbales,  while  the  plexus 
sacralis  has  its  origin  in  the  ventral  rami,  derived  from  the  fifth 
N.  lumbalis  and  the  first  and  second  Xn.  sacrales. 

The  plexus  pudendus  is  formed  by  the  ventral  rami  derived 
from  the  mixed  stems  of  the  third  and  fourth  Xn.  sacrales,  the 
plexus  coccygeus  from  the  ventral  rami  of  the  fifth  X.  sacralis 
and  the  first  X.  coccygeus. 

As  a  result  of  the  anatomical  conditions  just  referred  to, 
it  must  be  obvious  that  the  clinical  symptoms  dependent  upon 
lesions  of  the  peripheral  sensory  neurones  will  vary  widely  ac- 
cording to  the  situation  of  the  lesion. 
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Thus,  the  distribution   of  the  disturbances  of   ciitanooas 
eensibility  will  be  very  diSerent  in  a  case  in  which  a  nerve  ig 
jThin 


FlCi.  1K7.— PU'?ciiH  luiiibinarmlis,  indiulinK  th»  plriun  tumMis,  the  pleiDS 
Knrm1i!>.  mill  Ihc-  iilcxus  pudeiiiltis.  Ventral  asiHi-t.  (Afti-r  P.  Eisltr.  takeo 
rniiu  ItHulH'r'it  Li'Iirbucli  (Ur  Anatomic  dm  Mcimchun.)  ri,  nmus  cDtaoeag 
iRtrralUorthrX.  HuhciiHtHlis- (A.  N.  iliiiliypuftantriraK;  n,  itx  latnuH  lliacui ;  >i. 

N.  ilioiii)!uliuliH ;  ql,  N'cTTC  fiiT  c|Uiidmtit8  luiDhorani ;  ne.  N.  i '-— -  ■ 

tvrnuii',  li,  N.  lunibiiinKniiiHliK :  p,  rsniiiH  musrulRris  to  & 
culaiivuH  fiiiioriK  IntnalfH  ;  i,  raiiiuH  niiiMruUiTM  b>  M.  iliacUH  ; 
citlHriK  tu  M.  MinpHiiflH;  (V,  K.  fi-niciraliR  ;  on.  N.  ohtiireturiiu  ,_ 
N'.  DbturatiiriuH :  hh,  N.  plutiFiiK  KUprriiir:  pi,  mnuK  muiicularu 
fiirniiH :  IV.  N.  pt'ninitiih :  gi.  N.  KlntiruH  infcriiir ;  17.  N.  tibialix :  ji,  n 
I'ulnri'N  til  Mm.  Hcjiiinv  I'nirix  ;  q.  nmiliH  niUM'lllHriii  to  M.  quanretue  femoiiB 
mill  M.  Rtini'lliiK  infcriiir :  ol.  mniiiH  inusculariN  tn  M.  oliturator  intprnDs  mad 
M.  fii'niclluii  siii>rri<>r:  rp,  X.  ciitaiiciu  fcniririH  iH«tcrinr-,  on,  N.  cut.  clun. 
iiir.  miitinliH  iN.  pcrfDniiin  tig.  tiiU'rumt-tiucrum  i :  pu,  ti.  pudendna;  k,  S. 
hicmoiThiHdnliH cxt. :  f.  mmiuimiiHculariK  In  M.  levator  ani  i  e,  iuddi  iniucD- 
laris  tu  M.  c(M:cTgciw;  a,6,  Nn.  anovoi.'cygei. 


>  H.  piri 
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injured  near  the  periphery,  from  that  to  be  made  out  in  a 
case  in  which  one  of  the  strands  of  a  nerre  plexus  is  inyolved, 
and  the  distribution  in  both  these  instances  wi]\  again  be 
quite  different  from  that  met  with  in  lesions  of  a  dorsal  root 
of  a  spinal  nerve.  Finally,  lesions  of  the  intramedullary 
continuations  of  the  dorsal  roots,  owing  to  deviations  in  the 
paths  followed  by  individual  bundles  arising  from  a  given 
root,  will  yield  disturbances  in  sensation  quite  different  in 
distribution,  and  probably  also  in  the  qualities  of  sensation 
interfered  with,  from  those  met  with  in  any  extramediitlary 
lesion. 

The  cutaneous  distribution  of  the  peripheral  sensory  nerves 
has  been  tolerably  carefully  worked  out  by  means  of  (1)  dis- 


sections on  the  dead,  (2)  experiments  on  living  animals,  and 
(3)  clinical  observations  on  diseased  human  beings  followed  by 
careful  post-mortem  examination.     In  Figs,  188-190  the  main 
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restiltB  of  these  studies  are  illnstnited.     For  further  details  tbe 
valuable  atlas  of   Uasae*  may   be  cousnlted.     Xow   that   we 


AdH.,  LripL. 

irfore ;  B.  dnrmi  mirlhce.    te,  sa, 

hiarhii  mediklla ;  < 

tentrmimii 
ranch  nf  tb 

....,_..  mKh-ritir  (bninrh  of  N.  ladmiaj ;  v.  n. 

nititiU!nKantlhnicliIi<liirHaIUll)ninrlii>r.V.  inilialui) ;  r'.  branch  of  N.  ndialu 
iin  the  hnch  <if  thp  hnnd :  x.  X.  ulnariH  iraiuuH  ilonuliii  maiim  uid  nmna 
Tidaris  manilH)  in  the  hand  ;  n'.  ramiiK  irutaiif  iix  paluwris  of  S.  oliutu ;  ■>. 
N.  mciliniiUN  in  tin-  liand  ;  m'.  ihi  mniUH  piilnuiriM. 

*  Ilassp,  (.'.  tlHtirl-AtlaKclerRCHKililpn  iind  motDrLwhen  Gebiete  desHini- 
iind  Kiic-kciininrksnprvfQ  (36  Tafotn).  Zum  Gcbrauch  fOr  practlacbe  Aerata 
unci  Studirenac.     Wiesb&deo  (1895),  8vo. 
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the  lower  eilremity.  A.  vrulnil 
Hiir&ce  ;  B.  fiana\  aurfaix.  I  Afhrr 
A.  Bauber.  Leiirbui-h  der  Anatumii' 
di-E  Menachen,  V.  Aufl.,  Leipz., 
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lirtncbes  of  tbe  Kd.  8acnilei>  iNn, 

IH  iig.  tJ  ■ 
'hypoe 

,   area  uf  diatribution  of  thii 
N   ilio-iiiguinaliH and  H.  Bpcrmiiti- 
cus  eitemns;  l.i.,  N.  lunibo-iogui- 
niilb;    e.1.,    N.    cutaDeUH    femuri:^ 
■ap,  iHttnilis;  c.er,.  rami  ruUnei  aute- 

"^  riore*  of  N.  femoiRlis ;  o,  N.  ohtu- 

imtoriua;  e,p.,  N,  cntsneuB  femorie  pintiTiiir;  ni.,  N.  tnpheaus;  p.e.,  latenl.  p.m., 
posterior  bisncb  of  N.  peronteUH  to  the  leg;  m..  X.  auntliHi  p.t..  N.  perunsus 
soperflcislis  (N.  cntaneus  doimlis  medialUet  N.  cutancus  doraRlia  inU'rtinHliuB  et 
Nn.  digitalea  doraales  ppdis) :  p.p.,  M.  pTonteuH  pnifiiiuluBtNn.  digitnlen  diirealea. 
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know  from  the  studies  of  Blix,  ♦  Goldscheider,  f  von  Frey,  J 
and  V.  Henri  that  at  least  four  qualities  of  sensation — cold, 
warmth,  touch,  and  pain — are  mediated  by  the  skin  and  appar- 
ently by  means  of  specific  sense  organs,  it  is  important  that 
the  surface  of  the  body  be  reworked  to  determine  whether  or 
not  the  peripheral  areas  are  identical  for  the  different  sense 
qualities.  As  we  shall  see  in  a  few  moments,  the  segmental 
areas  at  least  appear  to  be  somewhat  different  for  the  different 
qualities  of  cutaneous  sensation. 

The  study  of  the  sensory  areas  of  the  surface  corresponding 
to  the  dorsal  roots  of  the  spinal  nerves,  in  addition  to  its  high 
clinical  importance,  has  excited  so  much  interest  and  has  been 
prosecuted  in  so  many  ingenious  ways  that  a  brief  synopsis 
of  the  researches  and  a  statement  of  the  present  status  of 
knowledge  and  belief  in  this  connection  may  not  be  out  of 
place. 

As  early  as  1849  Eckhard*  stated  as  a  result  of  a  few 
experiments  that  the  field  of  skin  to  which  a  sensory  root 
goes  is  not  exactly  that  which  overlies  the  muscles  which  are 
supplied  by  the  corresponding  motor  root.  This  research  was 
soon  followed  by  another  from  the  same  laboratory,  this  time 
from  Peyer.||  This  investigator  sectioned  all  mixed  nerve 
stems  except  the  one  which  he  was  studying,  and  then  ap- 
plied mechanical  and  thermal  stimuli  to  the  skin.  He  came 
to  the  conclusion  that  in  the  skin  of  the  fore-limb  the  fields 
of  the  individual  spinal  nerve  roots  more  or  less  overlap  one 


♦  Blix,  M.  Experiraentelle  Beitr&ge  zur  L5sung  der  Frage  ueber  die 
specifische  Energie  der  Oautnerven.    Ztschr.  f.  Biol,  Bd.  xx  (1884),  S.  141. 

f  Goldscheider,  A.  Gesammelte  Abhandlungen  ueber  die  Phjsiologie  des 
Muskelsinnes.     Leipz.  (1898). 

X  von  Frey,  M.  BeitrSge  zur  Sinnesphysiologie  der  Uaut,  i,  ii,  iii,  iv, 
Leipz.  (1894-'97).  Aus  den  Berichten  der  math.-phys.  Ci.  d.  k.  Sachs. 
Oescllsch.  der  Wissonsch.,  July  2  and  Dec.  3, 1894,  March  4, 1895,  and  Aug.  2, 
1897.  Also,  Untorsuchungen  ueber  die  Sinnesfunctioncn  der  menschlichen 
Ilaut.  Erste  Abhandlung.  Druckempfindung  und  Schmerz.  Abbandl.  d. 
math.-phys.  CI.  der  k.  Sachs.  Gesellsch.  d.  Wissensch.,  Leipz.,  Bd.  zxiii 
(1896),  No.  iii,  S.  175-266. 

^  Eckhard,  C.  Ueber  Kcflexhewegungen  dor  vior  letzten  Nervenpaare  des 
Frosches.    Ztschr.  f.  rat.  Med.,  Heidelb.,  Bd.  vii  (1849),  S.  281-810. 

I  Peyer,  .T.  Teber  die  peripherisc-hen  Endigiingen  der  motorischen  und 
sensiblen  Fasorn  der  in  den  Pl(;xus  braohialis  des  Kaninchens  eintretendeti 
Xervenwurzeln.    Ztsc^hr.  f.  rat.  Med.,  Heidelb.,  2  R.,  Bd.  iv  (1854),  S.  (fi8«77. 
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another.  He  believed,  however,  that  the  territory  innervated 
by  a  sensory  dorsal  root  corresponds  approximately  to  the  skin 
which  covers  the  mnscles  innervated  by  the  corresponding 
motor  ventral  root. 

The  admirable  researches  of  Krause  *  show  how  much  can 
be  done  by  simple  dissection  and  dissociation.  Krause  also 
used  the  soK^alled  reflex  method  and  followed  besides  the 
degeneration  of  nerve  fibres  after  section  of  the  nerves.  His 
studies  are  of  great  importance  in  the  history  of  localization, 
and  must  be  carefully  conaidered  by  every  one  investigating  in 
this  field.  His  conclusions  regarding  the  fifth,  sixth,  seventh, 
and  eighth  cervical  roots  in  the  main  still  hold. 

A  very  important  contribution  to  knowledge  is  to  be  found 
in  the  research  of  Turck,t  who  worked  out  in  detail  the  areas 


— DiBKiam  of  the  poaitinn  of  the  nipple  in  the  sennnry  skin  fleldmrf  the 
3ii,  anil  5th  thoracic  spinal  rooM.  The  overlnppinit  of  the  cuWncous 
is  ^epll^9^■nt*^l.     i  Aftor  C  8.  Slierrington,  Phil.  Tr.,  ry)nd.,  B..  1893. 


for  the  spinal  nerves  in  the  dog  from  the  level  of  the  fourth 
cervical  to  that  of  the  fourth  sacral.  His  results  are  very 
nearly  in  accord  with  those  of  the  more  recent  studies,  and  it  is 
rather  curious  that  they  have  not  attracted  the  attention  of 
anatomists  in  general.     This  appears  to  be  due  in  large  part, 


*  Krause.  W.  Bettrftjro  ziir  system atischen  Neurologie  ties  meniichlichen 
Arm«.  Arch.  f.  Anat.,  Physiol,  u.  wjssensch.  Me<l.,  Leipa.  (1864).  S.  349- 
SiT.— Beitrftge  zur  Neurolope  der  tib«ren  Extremitill  i',  I#ipK.  u.  Ileidelli. 
(1S65). — Die  Anatomie  dea  Kaninchen.  in  topogrsphischer  und  operativer 
Rlicksicht  betirbeitet.    2.  Aufl.,  Leipz.  (1884).  8vo. 

f  TOrck,  L.  VorliiuflBe  ErRchnisse  ron  Experinipiital-rntersuchiingen 
zur  Ermittetun);  der  Ilaut-SensibiliUltsbezirke  iler  einzelnen  ItQckenmarks- 
Ker»enp»»re.  Sitzungsb.  d.  k.  Akad.  d.  Wissensch.  MHth.-nalurw.  CI.,  Wien 
(1856),  S.  8;  also Denkschr.  d.  Wiener  AkaU.,  Bd.  ixiii  (1809). 
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as  Sherrington  points  out,  to  the  difficulty  of  understanding 
the  experimental  notes  and  drawings  left  by  Tfirck,  and  pub- 
lished posthumously.  Tiirck  made  out  distinctly  the  bandlike 
areas  of  distribution,  but  probably  went  too  far  in  stating  that 
each  spinal  nerve  has  an  area  of  skin  belonging  to  it,  which  is 
supplied  by  it  exclusively.  He  recognized,  however,  that  many 
of  the  spinal  nerves  have  a  field  which  they  supply  in  common 
with  some  other  spinal  nerves,  and  he  even  made  out  that  the 
nerves  of  the  upper  and  lower  extremity  have  no  exclusive  areas 
but  only  common  ones. 

Of  the  recent  studies  may  be  mentioned  those   of  Walsh,* 
Herringham,f  Paterson,t  Sherrington,^  and  others. 

Sherrington's  studies  are  most  painstaking  and  elaborate, 
and  include  experiments  upon  a  large  number  of  frogs,  cats, 
and  monkeys.     He  proceeded  as  follows:  Finding  that  section 
of  a  single  root  did  not  cause  complete  anaesthesia  anywhere, 
but  only  a  diminution  of  sensation,  in  order  to  determine  the 
exact  peripheral  area  of  distribution  of  the  dorsal  root  of  a 
given  spinal  nerve  he  cut  two  or  three  roots  above  and  below 
the  root  in  which  he  was  interested.     Thus,  to  determine  the 
area  of  distribution  of  the  fourth  thoracic  root  he  would  cut 
the  second  and  third  thoracic  roots  and  the  fifth  and  sixth 
thoracic  roots,  while  to  determine  the  area  of  distribution  of 
the  third  thoracic  root  he  would  cut  the  first  and  second  tho- 
racic roots  and  the  fourth  and  fifth  thoracic  roots,  and  so  on. 
The  zone  in  which  sensation  still  existed  could  be  determined 
by  testing  for  reflex  response.     He  found  that  the  field  of  skin 
belonging  to  each  sensory  spinal  nerve  root  overlaps  the  skin 
fields  of  the  neighboring  spinal  nerve  roots  to  a  remarkable 
extent.    **  The  disposition  is  such  that  the  field  laps  to  a  certain 
extent  over  the  field  of  the  root  or  roots  immediately  in  front 


♦  Walsh,  .1.  Tho  Anatomy  of  the  Bmchial  Plexus.  Am.  J.  M.  So, 
Phihi..  n.  s.,  vol.  Ixxiv  (1H77).  p*  :^7-31)9. 

t  Ilerrinphani,  W.  P.  The  Minute  Anatomy  of  the  Brachial  Plexus. 
Proc.  Roy.  Soc.  LoTid.,  vol.  xli  (188G),  pp.  423-441  ;  also  Phil.  Tr.  Lend., 
clxxvii  (li^HT). 

X  Patcrson,  A.  M.  Tho  Orij:in  and  Distrilmtion  of  the  Nerves  to  the 
Lower  Limb.  J.  Anat.  and  Physiol.,  Lond.,  vol.  xxviii  (1898-*94),  pp. 
24:  mi 

*  Shorririfcton,  C\  S.  Exporiments  in  Examination  of  the  Peripheral 
Distribntinn  of  the  Fibres  of  the  Posterior  Roots  of  some  Spinal  Nerves. 
Phil.  Tr.  Lontl.  (H)  for  the  Year  1893,  vol.  clxxxiv,  Lond.  (18M),  pp.  641-769. 


GROUPING  AND  CHAINING  TOGETHER  OP  NEURONES.      333 

of  it,  and  to  a  certain  extent  over  the  field  of  the  sensory  roots 
immediately  behind  it.  These  two  overlaps  may  be  termed 
respectively  the  anterior  overlap  and  the  posterior  overlap  of  a 
sensory  root  field  "  (Fig.  191). 

Sherrington  further  finds  that  although  in  a  plexus  each 
spinal  nerve  root  affords  separate  contributions  to  several  nerve 
trunks,  the  cutaneous  distribution  of  the  root  is  composed  not 
of  disjoined  patches  but  of  patches  so  connected  with  one 
another  that  the  distribution  of  the  entire  root  forms  a  con- 
tinuous field. 

When  at  its  simplest,  as  in  the  thoracic  region,  the  shape  of 
the  cutaneous  field  of  a  dorsal  root  is  that  of  a  horizontal  band 
with  almost  parallel  edges,  wrapping  half  way  around  the  body 
between  the  mid-dorsal  and  mid-ventral  lines  (Figs.  192,  193). 
This  simple  zonal  shape  is  departed  from  in  many  places, 
owing  probably  to  the  modification  which  the  body  segments 
have  individually  undergone  in  the  development  of  the  con- 
figuration of  the  animal.  This  deviation  from  the  simple  and 
regular  figure  is  due  in  vertebrate  forms  largely  to  the  out- 
growth of  the  limbs,  but  with  care  the  root  fields  can  be  toler- 
ably accurately  defined  in  the  upper  and  lower  extremity. 
Here  the  zones  run  approximately  parallel  to  the  long  axis  of 
the  limb,  which  is  not  surprising  when  the  mode  of  origin  of 
the  limb  in  the  embryo  is  considered. 

Reflex  reaction  is  much  less  easily  elicited  near  the  edge 
of  a  field,  in  Sherrington's  experiment,  than  in  other  parts  of 
each  spinal  field. 

In  addition  to  the  anterior  overlap  of  a  sensory  spinal  skin 
field  into  segmental  fields  anterior  to  it,  and  the  posterior  over- 
lap into  fields  posterior  already  mentioned,  each  one  of  these 
fields  has  crossed  overlaps  passing  into  the  fellow  field  of  the 
opposite  half  of  the  body,  both  at  the  mid-dorsal  and  at  the 
mid-ventral  line.  Since  the  fore  and  aft  overlaps  are  very 
marked,  Sherrington  concludes  that  each  point  of  skin  through- 
out the  body  is  supplied  by  at  least  two  sensory  spinal  roots,  in 
some  regions  by  three.  Sherrington  denies  that  the  cutaneous 
fields  of  the  sensory  spinal  roots  correspond  closely  with  the 
fields  of  distribution  of  the  motor  roots  in  the  skeletal  muscles. 
He  states  further  that  the  sensory  spinal  fields  do  not  corre- 
spond with  the  fields  of  cutaneous  distribution  of  the  motor 
root  as  judged  of  by  the  pilo-motor  fibres  of  those  roots.     On 


Flo.  192.— CnlBn«>UBfleldE;uri1i)t»il 
aiib-rior  bordi-rs  iif  tlw  akin  field: 


n  ill  uiv  HKjii  ijtrm9< 
right  Iwir.    '.After 


Ku.  til  i.|.iniii  iH-tHn  i>f  monkey.  Ihirail  vit,,t.  Th» 
n-  Hinrkwl  i>d  the  lefl  hsir  of  the  cimta,  the  »«<*[*«■ 
a  Sherriugton,  Phil.  Tr.,  Luud..  IBM.  vri.  cJmit, 
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the  other  hand,  the  pilo-tnotor  fields  of  the  sympathetic  ganglu 
and  the  cutaneous  sensory  fields  do  correspond. 

A  more  recent  and  apparently  very  extensive  paper  by  Sher- 
rington I  have  thus  far  been  able  to  consult  only  in  abstract.* 
In  this  article  Sherrington  discusses,  in  addition  to  his  ezperi- 


Fio.  i»4.— M 
thnnirii- 


mental  studios  of  the  difitrihntion  in  the  skin  and  muscles  of 
the  Xn.  cervii'alos  ami  upper  Xn.  thoracaloa  of  moDkeys,  the 
results  of  some  investigations  whicli  concern  the  S.  trigeminns 
and  also  tlic  behavior  of  the  spinal  reflexes  in  total  transTerse 


"  Sh(>rriii(jti)ii,  ('.  S.  Riperimenls 
tribuliiiii  o(  the  FibrcH  of  the  I'oslorii 
11.  Phil.  Tr.  Land..  It.  IIHOS),  vol.  c 
Hfurol.  Centnillil.,  I*ip7-,  BU.  ivii  (1 


n  KinininBrion  of  the  Peripheral  Dis- 
'  Roots  of  Home  Spinal  Nerrea.  Part 
f,  pp.  4!>-18(l.  Abxtr.  bj  L.  Brans  in 
98).  S.  1041-lOW. 
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lesion.  SherriDgton  has  employed  largely  his  method  of  "re- 
mainiag  unEeatheeia  "  in  order  to  avoid  the  confuBion  resalting 
from  "  overlapping,"  Electrical  stimulation  and  studies  of  de- 
generated fibres  by  osmium  blackening  were  also  made. 

So  for  as  the  subject  now  being  considered  is  concerned,  the 
second  chapter  of  his  article  interests  us  most — that  dealing 
with  the  relation  of  segmentation  to  the  innervation  of  the  ex- 
tremities. On  superficial  examination  one  might  be  led  to 
believe  that  considerable  differences  exist  as  regards  the  limbs 
in  the  areas  of  distribution  of  the  motor  and  sensory  roots  of 
given  spinal  nerves.     The  areas  of  motor  distribntiou  form  con- 


huchten'B  («xl-bi)uk. ) 

tinuons  zones,  all  beginning  at  the  middle  line  of  the  trunk 
and  extending  for  a  longer  or  shorter  distance  into  the  extremi- 
ties— that  is  to  say,  the  same  ventral  roots  of  spinal  nerves 
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which  innervate  muscles  at  the  tips  of  the  extremities  also  in- 
nervate some  muscles  of  the  trunk.     The  areas  of  distribution 
of  the  dorsal  roots  (sensory)  appear,  on  the  contrary,  to  be 
separated  entirely  from  the  trunk;  thus  the  cutaneous  areas 
supplied  by  the  seventh  and  eighth  cervical  roots  and  by  the 
first  thoracic  root,  for    example,  nowhere  reach    the    trunk. 
Sherrington  proves,  however,  that  this  difference  exists  only 
between  skin  nerves  and  motor  nerves,  not  between  sensory 
nerves  in  general  and  motor  nerves,  for  though   the  sensoiy 
dorsal  roots  above  referred  to  supply  no  portion  of  the  skin  of 
the  trunk,  they  do  send  sensory  branches  to  the  muscles  and 
other  subcutaneous  structures  there.     Thus  the  areas  of  sensoTj 
distribution  also  form  continuous  zones  involving  both  trunk 
and  extremity.     The  sensory  nerves  for  given  muscles  always 
originate  in  the  spinal  ganglia  of  the  segments  which  correspond 
to  the  motor  nerves  to  the  same  muscles.     Sherrington,  with 
Mall,  is  of  the  opinion  that  the  best  guide  to  the  understand- 
ing of  the  structural  relations  in  an  extremity  (arm  or  leg)  is  to 
be  found  in  the  neural  distribution.     His  studies  show  the  fol- 
lowing :  (1)  The  degree  of  overlapping  of  cutaneous  areas  of 
individual  dorsal  roots  varies  greatly,  being  much  more  marked 
in  the  extremities  than  in  the  trunk.     (2)  The  intermixing  of 
the  fields  of  dorsal  roots  is  very  much  greater  than  that  of  the 
peripheral  nerve  trunks,  even  in  the  hand  and  foot.     Thus, 
while  there  is  very  little  overlapping  of  the  areas  supplied  by 
the  X.  medianus,  N.  ulnaris,  and  N.  radialis,  yet  when  the  in- 
nervation of  the  hand  by  dorsal  roots  is  examined  it  is  found 
that  a  large  middle  area  of  the  hand  and  fingers  is  supplied  by 
all  three  of  the  seventh  and  eighth  cervical  and  first  thoracic 
dorsal  roots.     {W)  A  certain  parallelism  between  the  overlap- 
ping of  the  skin  areas  of  the  various  dorsal  roots  and  the 
anastomoses  between  the  derivatives  of  different  roots  in  single 
muscles   is   recognizable.     Thus,  in  the  extremities  very  few 
muscles  are   monomeric   (unisegmental),  the   majority  being 
polymeric   (two,   three,  or  four  segments).      The   intercostal 
muscles  are  monomeric.     The  muscles  of  the  hand  and  foot, 
on  the  contrary,  exhibit  the  most  marked  mixing  of  motor 
roots  from  different  segments.     (4)  As  regards  the  functional 
significance  of  the   overlapping,  Sherrington  thinks  there  is 
none ;  the  anastomoses  have,  on  the  contrary,  a  morphological 
basis. 
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In  this  connection  it  is  interesting  to  compare  with  the 
results  of  experiments  on  animals  the  findings  of  clinicians  in 
pathological  human  cases.  We  refer  to  the  researches  of  Thor- 
bum,*  Ro88,f  Dana,|  Starr,*  Mackenzie,!  Head,^  Kocher,^  and 
Cushing.J 

Thorbum's  studies  refer  mainly  to  the  peripheral  distribu- 
tion in  human  beings  of  the  fibres  of  the  dorsal  roots  of  the 
plexus  cervicalis  and  of  the  plexus  lumbo-sacralis  and  their 
corresponding  segments  in  the  spinal  cord.  His  studies  are 
based  mainly  upon  cases  of  traumatic  injury  to  the  spinal  cord, 
and  his  results  are  illustrated  in  the  accompanying  figures. 
Starr's  valuable  analysis  of  a  vast  amount  of  clinical  material  is 
epitomized  in  the  table,  introduced  in  Chapter  LV,  in  which  the 
lower  motor  neurones  are  discussed. 


♦  Thorbum,  W.  Cases  of  Injury  to  the  Cervical  Region  of  the  Spinal 
Cord.  Brain,  Lond.,  vol.  ix  (1886-'87),  pp.  510-543.— On  Injuries  of  the 
Cauda  Equina.  Brain,  Lond.,  vol.  x  (1887-88),  pp.  381-407.— Spinal  Local- 
izations as  indicated  by  Spinal  Injuries.  Brain,  Lond.,  vol.  xi  (1888-^89), 
pp.  289-324. — The  Distribution  of  Paralysis  and  Anaesthesia  in  Injuries  of 
the  Cervical  Region  of  the  Spinal  Cord.  Brit.  M.  J.,  Lond.  (1888),  vol.  ii, 
pp.  1382-1385. — A  Contribution  to  the  Surgery  of  the  Spinal  Cord.  Phila- 
delphia (1889). 

t  Ross,  James.  On  the  Segmental  Distribution  of  Sensory  Disorders. 
Brain.  Lond.,  vol.  x  (1887-^88),  pp.  333-361. 

t  Dana,  C.  L.  A  Clinical  Study  of  Neuralgias,  and  of  the  Origin  of 
Reflex  or  Transferred  Pains.     N.  Y/  Med.  J.,  vol.  xlvi  (1887),  pp.  121-127. 

*  Starr,  M.  Allen.  Local  Ana^thesia  as  a  Guide  in  the  Diagnosis  of 
Lesions  of  the  Lower  Spinal  Cord.  Am.  J.  Med.  Sc.,  Phila.,  n.  s.,  vol.  civ 
(1892).  pp.  15-35;  and  Local  Anaesthesia  as  a  Guide  in  the  Diagnosis  of  Le- 
sions of  the  Upper  Portion  of  the  Spinal  Cord.  Brain,  Lond.,  vol.  xvii 
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The  paper  of  Rohs  is  brimful  of  siiggeBtiveDCSS,  and  should 
be  read  by  eTory  one  who  wishes  to  enter  at  all    thoroaghlj 


<i.  DM.— Midi-iifdistrili 
i»Tv.-^,     [AffrrW,  TImrbii 


into  the  liililiogniphy  of  ^tisory  localizution.  Scarcely  less 
interesting  iirc  the  acoiinito  observations  of  Dana  with  regard 
to  the  pain  accompanying  visceral  iliseaBO,  and  Starr  is  right 
in  his  complaint  that  too  little  attention  has  been  paid  to 
Diinu's  studies  in  subfetguent  investigations  upon  the  same 
Bnhjcct,  A  comparison  of  Dana's  diagrams  {Figs.  197,  198) 
with  tlifise  of  Head,  Thorhurn,  Starr,  and  others,  show  how 
closely  the  ideas  of  a  later  date  corrceipond  with  those  advanced 
by  him  in  1S87. 
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The  extended  studies  of  Head  are  very  ingenious,  and  have 
attracted  widespread  attention.  He,  like  Clifford  AUbutt,  Ross, 
Dana,  and  others,  had  noticed  that  the  cutaneous  tenderness 
(pathological  associated  sensations)  accompanying  certain  dis- 
orders of  the  stomach  tend  to  occupy  definite  tracts  of  skin 
with  definite  borders.  This  led  him  to  investigate  the  pain 
and  accompanying  tenderness  consequent  upon  disturbances  of 
other  organs,  and  he  found  that  these  sensory  disturbances  also 
followed  definite  lines.  Stimulated  by  the  suggestive,  papers  of 
Ross,  he  thought  it  probable  that  these  areas  might  bear  some 
definite  relation  to  nerve  distribution,  and  with  this  in  view 
studied  the  distribution  of  a  large  number  of  cases  of  herpes 
zoster,  hoping  that  they  might  throw  some  light  upon  the  sig- 
nificance of  the  tender  areas  in  visceral  disease.  To  his  surprise 
he  found  that  the  areas  occupied  by  herpes  zoster  corresponded 
exactly  to  those  with  which  he  was  familiar  in  visceral  disturb- 
ances. Further  study  showed  that  the  areas  represented  the 
distribution  of  either  a  single  nerve  root  or  a  segment  of  the 
spinal  cord. 

Head  inclines  to  the  view  that  the  distribution  of  the  nerve 
roots  is  somewhat  different  from  the  distribution  for  the  seg- 
ments inside  the  spinal  cord.  His  reasons  for  thinking  so  are 
briefiy  these :  Whereas  Sherrington  found  that  the  areas  of  cuta- 
neous supply  from  any  two  roots  definitely  overlapped.  Head 
states  that  his  areas  do  not  overlap  at  all,  or  if  so,  only  very 
inconsiderably.  Sherrington's  areas,  it  is  true,  apparently  repre- 
sent the  root  supply  for  the  sensation  of  touch,  while  Head's 
areas  correspond  rather  to  pain  sensations  and  trophic  sensa- 
tions. It  might  be  assumed  that  whereas  the  distribution  of  the 
fibres  for  the  sensation  of  touch  in  the  various  dorsal  roots  over- 
lap considerably,  those  for  pain  do  not  overlap.  Sherrington, 
however,  states  expressly  that  he  used  touch  and  pain  stimuli 
indifferently  as  a  test  for  the  presence  or  absence  of  sensation, 
and  Head  feels  sure  from  his  observations  in  five  instances  of 
surgical  division  of  a  single  dorsal  root  in  man  that  not  only 
was  there  absence  of  anaesthesia  to  touch  after  division,  but  in 
most  instances  the  sensation  of  heat,  pain,  and  cold  was  also 
not  materially  disturbed.  Head  believes,  therefore,  that  where- 
as Sherrington's  areas  represent  the  true  root  supply,  his  areas 
correspond  to  the  supply,  not  of  roots,  but  of  segments  of  the 
spinal  cord  from  which  the  roots  in  part  arise.     He  believes 
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[O.  199.  — An«i<  (if  iwin  M'liiation  iu  \im.-cnil  diHMiw.     (After  H.  HMd,  « 
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Pio.  200,— Al«AS  ofpain  seimtioD  in  vliceral  dbieaae.  (After  H.  Bead,  taken 
(Mm  W.  Osier,  The  Principles  and  Practice  of  Uedidne,  3d  ed.,  N.  Y.,  ISBB. 
p.  «1,  Hb.  8.) 
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that  the  mechanism  for  the  sensation  of  touch  in  the  various 
spinal  segments  must  overlap,  while  that  for  the  sensations  of 
pain,  heat,  and  cold  does  not  overlap,  at  any  rate  to  the  same 
extent.  The  areas  as  outlined  by  Head  are  indicated  in  the 
accompanying  diagrams  (Figs.  199,  200). 

The  localization  within  the  spinal  cord  can  not,  however,  be 
said,  to  be  satisfactorilv  settled,  and  much  research  is  still 
necessary.*     The  clinicians  often  have  considerable  difficulty 
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Fig.  201. — Tyi>es  of  iinajsthosia.  A,  peripheral  (from  Hasse> ;  B,  q>iiial,  root 
type  of  Cliipjiult  (from  Ko<*her)  ;  C.  cerebral,  medullary  type  of  Chipnult 
(from  Brisssaud).     (After  P.  C.  Knapp,  Tr.  Amer.  Neurol.  Aaaoc.,  1897.) 

in  deciding  as  to  the  site  of  a  lesion  which  causes  disturbances 
of  sensation.  These  difficulties  have  recently  been  discussed 
in  an  instructive  paper  by  Knapp. f  It  is  especially  in  cases  of 
syringomyelia  that  tlie  findings  may  be  puzzling.     In  the  dia- 


*  An  interesting  recent  paper  is  that  of  C.  E.  Beevor,  The  Distribution 
of  Motor  and  Sensory  Symptoms  from  Injury  to  the  Roots  of  the  Brachial 
Plexus.     Tr.  M.  Soc,  Lond.,  vol.  xix  (1896),  pp.  72-79. 

f  Knapp,  P.  ( '.  Anaesthesia  in  Diseases  of  the  Spinal  Cord.  Tr.  Am. 
Neurol.  Ass.  for  1897.    New  York  (1898),  p.  81. 
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gram  (Fig.  201),  combined  by  Kuapp  from  various  sources,  the 
so-called  peripheral,  spinal,  and  cerebral  types  of  anaesthesia  in 
the  left  arm  are  indicated.  A  lesion  of  the  cerebral  type  can 
be  due  not  only  to  diseases  of  the  cerebrum,  but  to  lesions  in- 
side the  spinal  cord. 

That  the  areas  of  cutaneous  sensory  disturbance  do  not  cor- 
respond to  the  regions  on  the  surface  of  the  body  vhich  have 
been  defined  by  the  topographical  anatomists  will  be  clear  from 
the  accompanying  diagrams,  which  are  here  introduced  for  con- 
venience of  reference  (Figs.  202,  203). 


(A)  Centripetal  Neurones  of  the  First  Order  collectinfir  Bodily 

Impressions. 


CHAPTER   XXVIII. 

PERIPHERAL   CENTRIPETAL   NEURONES. 

Relations  of  peripheral  centripetal  neurones  to  the  central  nervous  system — 
The  sensory  spinal  nerves — The  sensory  cerebral  nerves. 

The  neurones  collecting  bodily  impressions  will  first  be  de- 
scribed.    Part  of  them  are  connected  with  the  spinal  cord,  the 
remainder  with  the  rhombencephalon.     There  are,  as  every  one 
knows,  thirty-one  pairs  of  spinal  nerves,  including  eight  cervical, 
twelve  thoracic,  five  lumbar,  five  sacral,  and  one  coccygeal  (Fig. 
^04r).    If  we  include  the  two  rudimentary  coccygeal  nerves,  which 
Rauber  has  described,  the  total  number  is  increased  to  thirty- 
three.    All  of  the  spinal  nerves  have  ganglia  upon  their  dorsal 
roots  (Fig.  205).     It  is  in  these  ganglia  that  the  cell  bodies  of 
the  spinal  peripheral  sensory  neurones  are  situated.     Of  the 
cerebral  nerves  not  all  possess  sensory  functions;  outside  of 
the  organs  of  special  sense  only  those  which  are  provided  with 
ganglia  in  their  course  are  known  to  carry  centripetal  impulses. 
Excluding  the  nerves  of  special  sense — that  is,  the  olfactory, 
optic,  and  cochlear  nerves,  and  the  nerves  concerned  in  the 
sense  of  taste  (portions  of  the  glossopharyngeal,  trigeminns,  and 
nervus  interniedius) — we  have  left  as  sensory  cerebral  nerves  the 
sensory  portion  of  the  nervus  trigeminus  with  its  ganglion  semi- 
lunare  (Oasseri),  the  nervus  intermedins  of  Wrisberg  with  its 
geniculate  ganglion,  the  nervus  vestibuli  with  its  ganglion  ves- 
tibuli,  the  nervus  vagus  with  its  ganglion  jugulare  and  ganglion 
nodosum,  the  nervus  glossopharyngeus  with  its  two  ganglia  (gan- 
glion sui)erius  and  ganglion  petrosum),  and  occasionally,  per- 
haps, a  portion  of  the  liypoglossus  nerve,  since  in  the  embryo 
at  any  rate  it  is  sometimes  provided  with  a  sensory  ganglion 
(Froriep).     In  these  various  ganglia  are  situated  the  cell  bodiea 
:i50 


FlO.  304.— Spinal  cold  in  connection  Above  with 
the  mi'dullB  oblongata  and  poos.  (After  A.  Banber, 
Lvhrbuch  det  Anstumie  dei  Hrnitchen,  V.  Aufl., 
Lripi..  1B8S,  Bd.  il,  8.  MM,  Fig.  4BS.)  V.  Nervns 
trigcminiui  XIl,anvaa  brpogUxxnu ;  Ci.  flrst  cer- 
vical nerve;  CS-S.nxoni  toeighth  cervical  nerve ; 
T  I-ll,  finit  to  twelfth  thoracic  nerve  -.Ll-i.  Bntto 
fifth  lumbar  nerve  ;  ^/~S,  flnit  to  fifth  eacial  nerve; 
6.  Nerviu  coci^gcus  :  x,  i,  fllum  termioale  of  the 
Hpinal  curd.  From  the  rout  marked  L,  to  z,  cauda 
equina;  Rr,  pleiUB  brarhialis;  Vr.  KervOB  fi'mo- 
raliB;  .S;.  Nervus  iiichiaflicus ;  O.  N'ervua  ubturato- 
riiu;  the  enlarRcmcntit  oppijfiitt'  I>  3,  4.  and  S  rep- 
resent the  spinal  gantdia  on  the  domal  roots.  On 
the  left  Bide  iif  the  fiRure  the  gympathetic  trunk  ia 
shown.  1  to  u  an'  icanglia ;  a.  tcanKlion  ccr^irale 
guperias  ;  h  and  c,  gangliun  cerviraie  medium  et  In- 
feriun:  d.  tint  thoracie  KnnKlion ;  d\  last  thoracic 
ganglion ;  I,  firet  Inmbat  ganglion ;  h,  Bi^t  lacml 


Fio.  209.— Portions  of  the  pars  ccrvicaliH  of  the 
spiual  cord  wilh  nerve  roota.  (After  A.  RanUT, 
Lthrbuch  der  Aiiatumie  des  Mensi-hen,  V.  Aufl,. 
Leipx.,  ISON.  Bd,  ii.  S.  383,  Fig.  248. )  A.spinalcoid 
seen  fnim  the  ventral  surface.  (>n  the  right  side 
the  ventral  Ola  radieuUria  have  been  cut  thniugh. 
B,  spinal  cord  seen  from  the  laUTal  surfaw.— i. 
ventral  mediau  dHiDre  ;  i,  dorail  median  siiIi-uh;  S. 
sulcos  lateTalis  ventmlis,  whence  the  ventral  fiUi 
tadicuLina  emerge ;  i.  sulci  Utcralcs  durankfi 
through  whi<'h  the  dorwl  ro<it  fibnii  cuter  the  spinal 
cord ;  .5.  radix  venlnlis  going  pimt  spinal  ganglion 
cut  through  on  the  right  side  in  Fig.  A ;  1.  mdix 
ilonal in  emerging  from  the  ganglion  spinale{<i') ; 
7.  V.  spinalis  imniediatety  after  its  formation 
throngh  the  niiiun  of  the  radix  ventmlis  Hn<l  dur- 
Mlis  dividing  into  7.  a  ramus  veutralis,  and  T,  a 
ramus  don«l is.  The  ramus  eommmiicaun  and  the 
nunus  meningeus  arc  nut  shown  in  this  figure. 
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of  the  peripheral  sensory  neurones,  of  the  variety  under  discos- 
sion,  pertaining  to  the  rhomhencephalon. 

It  is  especially  to  be  noted  that,  if  we  leave  ont  those 
gathered  from  the  viscera  by  means  of  the  sympathetic  nerves, 
all  the  impressions  collected  at  the  periphery  of  the  body  aad 
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from  the  internal  orjians  are  carried  into  the  central  nervoaa 
system  (spimd  coril  and  bruin  stem)  by  means  of  one  set  of  nen- 
ronea  (Fig.  -HW).     The  total  number  of  individual  i 
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concerned  is  enormous,  but  there  is  no  superimposition  of  neu- 
rones in  the  mechanism  here  described.  A  centripetal  impulse 
originating  at  the  periphery  reaches  the  primary  end-station  of 
the  sensory  neurones  inside  the  central  nervous  system  after 
having  passed  through  only  one  neurone.  Although  for  the 
origin  of  any  given  sensation  centripetal  impulses  start  at  the 
periphery,  usually  in  a  considerable  number  of  different  neu- 
rones, each  of  these  extends  as  far  as  some  primary  end-station 
inside  the  central  nervous  system,  not  requiring  to  pass  through 
any  secondary  neurone  on  the  way.* 


♦  This  is  in  all  probability  not  true  of  the  sensory  impulses  collected  by 
means  of  the  neurones  of  the  sympathetic  system ;  these  impulses,  it  is  prob- 
able, pass  through  a  chain  or  series  of  individual  neurones  before  arriving 
in  the  cerebrospinal  system.  They  are  carried  by  means  of  the  rami  com- 
municantes  into  the  dorsal  roots  of  the  spinal  nerves.  Their  further  fate  is 
not  yet  clear.  Some  of  the  sympathetic  axones  end  within  the  spinal 
ganglia  about  the  bodies  of  spinal  ganglion  cells,  and  the  centripetal  im- 
pulses which  they  carry  could  then  be  taken  into  the  spinal  cord  by  means 
of  the  central  prolongations  of  the  spinal  ganglion  cells.  It  has  been  as- 
serted by  some  invest igatoi*s  that  a  certain  number  of  sympathetic  axones 
pass  from  the  rami  communicantes  directly  through  the  ganglia,  or  past 
them  into  the  dorsal  roots  and  so  into  the  spinal  cord  without  interruption. 
More  research  is  needed  before  entirely  satisfactory  statements  can  be  made 
regarding  these  points. 
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CHAPTER  XXIX. 

GENERAL    DESCRIPTION. 

The  spinal  ganglia — Bipolar  cells  in  embryo — Unipolar  cells  in  adult — 
Peripheral  sensory  fibres — Central  axones  to  dorsal  funiculi — Fibres 
exogcncs  of  P.  Marie — Nuclei  tcrminales — Phylogenetic  studies — The 
structure  of  human  spinal  ganglion  cells — Studies  of  von  Lenhoss^k, 
Lugaro,  and  Nissl. 

1.  Centripetal  Neurones  of  the  Fint  Order  (collecting  Bodily  ImpraMloai) 

connected  with  the  Spinal  Cord. 

The  perikaryons  of  all  the  sensory  neurones  that  we  are  de- 
scribing are  situated  outside  the  central  nervous  system  (in 
human  beings)  in  marked  contrast  to  the  cell  bodies  of  the  pe- 
ripheral motor  neurones,  which  are  situated  within  the  colomnflB 
griseaj  of  the  spinal  cord.  In  Section  IV  the  embiyological 
origin  of  these  neurones  has  been  described.  It  will  be  re- 
called that  in  the  human  embryo  they  appear  near  the  spinal 
cord  and  soon  come  to  occupy  positions  lateral  from  it.  At  a 
very  early  period  the  distal  and  central  processes  of  the  spinal 
ganglion  cells  are  recognizable.  It  has  also  been  pointed  out 
that  there  is  a  gradual  transition  in  the  embryo  from  the  bi- 
polar condition  of  the  cells  to  the  unipolar  condition  which  is 
characteristic  of  the  adult.  In  considering  the  anatomical  dis- 
tribution and  physiological  function  of  these  peripheral  sensoiy 
neurones  their  bipolar  nature  has  ever  to  be  borne  in  mind,  the 
unipolar  condition  of  the  adult  being  the  result  simply  of  an 
attenuation  of  a  portion  of  the  cell  body,  doubtless  an  example 
of  adaptation  to  environment,  but  whether  for  economy  of 
room  or  for  improvement  of  nutritive  relations  we  do  not  know. 
It  has  been  stated  thattlie  distal  process  of  the  spinal  ganglion 
cell  grows  to  the  periphery  and  becomes  the  axone  of  a  periph- 
eral sensory  nerve  fibre,  or,  since  it  often  divides,  it  may  take 

part  in  the  formation  of  many  peripheral  sensory  nerve  fibres. 
854 
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The  central  prolongation  of  the  spinal  ganglion  cell  grows  di- 
rectly into  the  spinal  cord.  The  total  mass  of  central  prolon- 
gations from  a  single  ganglion  forma  the  dorsal  root  of  one 
spinal  nerve  (Fig-  207).  The  doreal  fasciculi  of  white  matter 
within  the  spinal  cord  are  built  up  in  the  main  of  the  intramed- 
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ullarj  prolongat  ona  of  the  dorsal  root  fibres  They  are  thus 
formed  ch  efly  of  fibres  eitr  na  or  exogenous  to  the  cord 
{fibres  exoge  s  f  P  Mar  e)  These  dorsal  root  fibres  aome- 
where  in  the  cord  melulla  or  erebellum  end  by  ramifying 
among  and  pon  the  cell  bod  eg  (per  karjons)  and  dendrites  of 
other  neurones  in  what  we  now  call  the  nvr/ei  termiimUs,  or 
the  "  primary  end^tations  of  the  sensory  conduction  paths. " 
This  description  holds  good  for  the  peripheral  sensory  nen- 
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rones  of  the  cerebrum  as  well  as  for  those  of  the  cord.  There 
too  the  cell  bodies  are  situated  outside  the  brain  in  the  ganglia 
on  the  cerebral  nerves,  the  peripheral  prolongations  run  to  the 
surface  of  the  body  as  medullated  fibres,  the  medullated  central 
prolongations  run  into  the  nerve  centres  to  end  in  the  primary 
end-stations  or  nuclei  of  termination  of  the  cerebral  nerves.  In 
the  last  are  situated  the  cell  bodies  and  dendrites  of  other  neu- 
rones (of  the  second  order)  which  can  take  up  the  impulses  and 
carry  them  further. 

While  it  is  true  that  nearly  all  the  embryonic  bipolar  cells 
of  the  spinal  and  (cerebral  sensory  ganglia  become  later  unipolar 
in  human  beings,  in  many  of  the  lower  forms,  for  example  in 
the  fish,  they  remain  bipolar  throughout  life.  It  is  interesting 
to  remember  that  in  the  ganglion  vestibuli  of  human  beings 
(jis  well  as  in  the  ganglion  cochleae)  the  bipolar  condition  is 
retained  throughout  life  just  as  in  the  fish. 

Phylogenetic  studies  have  excited  a  great  deal  of  interest  in 
connection  with  the  original  position  of  these  peripheral  sen- 
sory neurones.*  In  some  animals  like  Lumbricus  the  cell  bodies 
of  the  sensory  neurones  are  situated  in  the  epithelial  surfaces 
of  the  animal  (Fig.  208),  the  short  peripheral  process  or  den- 
drite passing  between  the  other  epithelial  cells  toward  the  sur- 
face, the  central  prolongation  running  from  the  skin  into  the 
nerve  centres.  Otlier  animals  (like  Kereif<)  possess  neurones  in 
which  the  cell  body  is  no  longer  located  in  the  peripheral  epi- 
thelial surface,  but  is  situated  near  it,  or  at  various  points  be- 
tween it  and  the  central  organ.  The  further  the  cell  body 
from  tlie  epithelium,  the  greater  of  course  is  the  length  of  its 
distal  process.  In  human  beings,  as  has  been  stated,  and  in 
other  mammals  the  cell  body  is  almost  as  far  distant  as  possible 
from  tlie  periplieral  surface,  inasmuch  as  the  spinal  ganglia  are 
very  close  to  tlie  central  cerebrospinal  nervous  system  and  very 
far  removed  from  the  peripheral  sensory  surfaces.  One  verte- 
brate, amphioxus,  is  peculiar  in  that  its  bipolar  sensory  neurones 
are  situated  witliin  the  spinal  cord  (Retzius).  There  are  ani- 
mals— as,  for  example,  Pterotnirhea — which  in  a  comparatively 
limited  space  show  a  whole  number  of  transitional  stages  be- 


*  Cf.  Ketzius,  0.  Uehor  dio  ihmioii  IVinzipien  in  <ler  Lehre  von  der  Ein- 
rirhtiin;^'  dos  sciisibleii  Nervonsysttfius.  Biol.  Untersuch.,  Stockholm,  n.  P^ 
Bd.  iv  (1829),  S.  49-56. 
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tween  the  peripheml  position  of  the  cell  body  and  the  central 
(Edinger).  It  is  of  the  greatest  interest  to  find  that  in  human 
beings  we  have  one  instance  (in  the  domain  of  the  special  senses, 
however)  in  whfch  the  cell  body  of  a  peripheral  sensory  neurone 
is  situated  among  the  epithelial  cells  of  a  sensory  surface.  I 
refer  to  the  cell  bodies  of  the  peripheral  olfactory  neurones 
(Fig.  157,  vide  supra,  p.  262). 

The  ganglion  spirale  and  ganglion  vestibulare  in  human 
beings  present  stages  transitional  between  the  peripheral  olfac- 
tory nearone  and  the  ordinary  peripheral  spinal  neurone,  since 


[O.  808.— ririphMBl  rentript'tnl  neumncs  of  vsrinns  snimaU.  (After  G.  Rrt- 
Eliu,  Biol.  rnluRUrh.,  Stiickholm.  Bd.  iv.  IWJ.  .S,  5«.  FIkb.  1,  2,  S,  aud  4.) 
A,  aliguchielii'  wumiH  <  Luiubrivus  1 :  H.  polsrchvtic'  wonmi  (Ni^cvIhI  :  (,'.  mill- 
luges  (Linuiii;  D,  VfrtoliniteH.  Tim  ^radiul  •.'hangf  in  the  punitiuii  <•(  thw 
periknryiin  in  thi?  phyluKenetli'  ktii-m  ih  inlpn-ating.  r,  rpithplinl  cells  of  m-n- 
iwry  Hur&iv  ;  r.  ciitkulH  ;  n.  iicrikaryon  iif  pvriphenil  cf'iilTipclal  lU'urunc; 
r»i,  rcU'  M»lpighii  of  i-piili^rmix  ;  m.  iixone  ;  00.  central  iicrvous  hjhIi!!!!. 


the  cell  bodies  of  the  neurones  in  these  ganglia  are  situated 
out  near  the  sensory  surfaces,  whence  they  collect  impressions, 
though  not  actually  in  them. 

The  structure  of  the  rell  bodies  situated  within  the  spinal 
ganglia  has  been  described  at  some  length  in  Section  111  and 
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need  not  be  discuBsed  ag&in  here.  In  Fig.  209  is  shown  a  large 
type  of  cell  from  the  human  spinal  ganglion  taken  from  von 
Lenhoaas'k's  recent  article,  and  in  Fig.  210  certain  other  typea.* 
For  accurate  measurements  of  the  dimensions  of  the  apinal 
ganglion  cells  of  different  animals,  adult  and  embryonic,  the 
reader  is  referred  to  the  article  of  Cavazzani.f 

The  medullated  peripheral  prolongations  of  the  spinal  gan- 
glion cells  run,  along  with  the  medullated  motor  axooes,  out 
into  the  peripheral  nerves  (Fig.  205 ;  vide  supra). 


t  .|  bi,i 


1 1 1 11  frnm  a  hi^lthy  man  with  ronDortiTc-tinuie 
iKiwth    IHWI  tiikiii  fnni  A    KBubrr'B  tritboak.) 
iiiiil  cir<iii     jr  inil  itliilial  sheath    p  peripheral 
t   Hiini  IuIIikK    j)i  pigment. 


In  the  dog  five  distinct  tj-pes  of  cells  in  the  spinal  ganglia 
have  been  desLTibed  by  Lugaro.I  The  types  to  be  found  in  the 
rabbit  have  been  carcfnlly  studied  and  described  by  Kissl. 

After  dividing  ii  variable  number  of  times,  these  medullated 


•  vo[i  Iri-tihiiss<'k.  ^1.  I'fiier  dun  Ii»u  cler  Spiiiulg»nglieiiMlIen  des  Men- 
schwi.    Arrh.  f.  P«Tiliiat.  u.  Xt-rveiikr..  ll.-rl,.  Bd.  ixix  (18»6-'97),8.  34«-880. 

t  rava/zani.  ¥..  Iiit'irnn  iii  gani;li  s|iiiiali.  Arcli.  ilal.  di  cUn.  med^  Mi- 
Inn...  Tul.  xsxvi  ilf*fl7l,  ii|>.  41-.i;i. 

t  l<llira^'.  ¥"'■  Siilli'  AtliTiiziciiii  cU-lle  crlliilt  ncrvusu  del  sanglift  ^omlL 
Itiv.  <lj  i-atiil.  HLTv.  c  raunt..  I''ireiiw.  vol.  i  (1B96),  Xai.  »  and  18. 
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axones  reach  the  peripheral  organs,  whence  they  collect  cellnlip- 
etal  impulses.  All  of  these  peripheral  fibres  end  free ;  at  any 
rate,  we  have  as  yet  no  evidence  of  connection  fty  continuity  of 
the  tennination  of  one  of  these  fibres  with  any  other  cell.    That 


'*LJ»'x 


FlQ.  210.— HfTeral  type*  uf  spinal  KHiiKlioa  wlln.  iAfler  M.  viin  Lenhogsfk. 
Arch.  f.  PHTchiat.,  Bd,  ixii,  im«-'»T.)  A  and  D,  Kinall  chromnphile  Rplnal 
gsngl  inn  rrl  In.  gome  what  Hhmnkf'ii ;  B,  medium.BiuHl  Hpinal  nan  rIiuh  veil  with 
coanc  tixniiil  nuusie* ;  a.  pismrnt ;  ('.  likrKO  pale  rcll,  peripheral  (mrlanil  of 
tiKniid  evident;  E.  small  ehromnphilp  spiiinl  Kantlion  ff-u.  interior  of  cell 
prvHentH  u  homogeneou«  appearau(«.  garland  iif  tigroid  moaBeii  at  the  pe- 
riphery. 

the  peripheral  endings  may  actually  penetrate  into  epithelial  or 
other  cells  seems"  likely  from  the  studies  of  Engelmann,  Apathy, 
and  others.  The  modes  of  ending  in  the  peripheral  organs  are, 
however,  very  variable. 
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It  was  long  thought  that  ganglion  cells  were  situated  in 
Meissner's  corpuscles  in  the  skin,  in  the  so-called  TastzelUn  of 
Merkel,  and  in  other  peripheral  end  organs,  and  that  these  send 
their  axis-<^ylinder  processes  into  the  nerve  centres.  But  this 
view  has  been  shown  to  be  false.  The  peripheral  prolongations 
of  spinal  ganglion  cells  end  free  in  the  shape  of  disklike  ex- 
pansions in  these  structures. 

On  account  of  their  functional  relations  the  so-called  sen- 
sory nerve  endings  might  be,  perhaps,  better  called  peripheral 
nerve  beginnings. 

No  less  than  one  hundred  and  eighty-five  articles  concern- 
ing the  endings  of  sensory  nerves  in  vertebrates  have  recently 
been  collected  and  reviewed  by  Kallius,  of  Gottingen.*  As  this 
author  states,  the  different  varieties  of  nerve  endings  may  be 
classified  in  different  ways,  either  according  to  the  endings 
themselves  or  to  the  tissues  in  which  they  are  situated.  They 
may  terminate  independently  of  any  special  end  organ,  or  the 
free  endings  of  the  fibres  may  be  inclosed  in  certain  definite, 
specially  differentiated,  terminal  corpuscles.  The  most  con- 
venient method  of  describing  them  is  as  (1)  those  incident  to 
epiblastic  and  hypoblastic  structures,  and  (2)  those  incident  to 
mcsoblastic  structures. 

♦  Kallius,  E.  Endigurigen  sensibler  Nerven  bei  Wirbeltieren.  Merkel 
Bonnet's  Ergebn.  d.  Anat.  u.  Entwickelungsgesch.,  Bd.  v.  (1895),  Wiesbaden» 
1896,  S.  55-94. 


CHAPTER  XXX. 

THE   MEDULLATED    PERIPHERAL   AXONES    OF    THE    PERIPHERAL 
CENTRIPETAL  NEURONES  AND  THEIR  TERMINAL  APPARATUS. 

Centripetal  nerve  endings  or  beginnings — Classification — Nerve  beginnings 
in  epiblastic  and  hypoblastic  tissues— Naked  beginnings  in  epithelium 
— Epidermis — Mucous  membranes — End-platelets — Merkefs  Tastzellen 
and  Tastmenisci — Grandry's  corpuscles — Nerve  beginnings  on  hairs, 
hair  follicles,  and  teeth — Nerve  beginnings  in  lung,  liver,  pancreas,  stom- 
ach, and  intestine — Nerve  beginnings  in  mammary  gland. 

Sensory  Nerve  Beginnings  in  Epiblastic  mnd  HjrpoblMstic  Tissues. 

In  the  skin  the  fibres  representing  divisions  of  peripheral 
prolongations  of  spinal  ganglion  cells  lose  their  myelin  sheaths 
before  entering  the  epithelium.  Once  inside  the  epidermis, 
they  branch  typically,  giving  off  first  tangential  branches,  from 
which  secondary  finer  divisions  pass  through  the  stratum  ger- 
minativum  into  the  upper  layers.  The  individual  fibrils  can 
pass  upward  or  downward,  but  always,  or  nearly  always,  end  in 
the  epithelium  itself.  At  the  tips  of  the  individual  fibres  very 
fine  bulblike  processes  are  often  seen.  Many  believe  that  the 
nerve  fibrils  end  inside  the  epithelial  cells.  Certain  it  is  that 
the  nodules  can  be  seen  pressing  into  the  surface  of  the  cell, 
but  that  they  actually  are  to  be  considered  as  intracellular  nerve 
endings  is  at  present  doubtful.  The  weight  of  evidence  is,  on 
the  whole,  against  this  view. 

In  mucous  membranes  covered  by  squamous  lamellated  epi- 
thelium— for  example,  the  tongue  and  oesophagus  (Fig.  211)— 
the  relations  are  similar  to  those  in  the  epidermis.  Retzius  • 
has  pointed  out  a  peculiarity  of  the  terminals  of  the  nerves  in 


♦  Retzius,  G.  Ueber  die  sensiblen  Nervenendigungen  in  den  Epithelien 
bei  den  Wirbelthieren.  Biol.  Untersuch.,  Stockholm,  n.  F..  Bd.  iv  (1892), 
S.  37-44. — Einige  Beitrftge  zur  Kenntniss  der  intraepithelialen  Endigungs- 
weise  der  Nervenfasern.  Biol.  Untersuch.,  Stockholm  (1894),  n.  F.,  Bd.  vi, 
S.e2-64. 
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the  epithelium  lining  the  urinary  passages.  Thua,  in  the  blad- 
der, for  example,  the  sensory  nerve  fibreB  run  tangentiaUy  for 
long  distances,  making  marked  curves  about  the  cells.     The 


<'rv<'  Qliri1»  111  the  cpithelitil  Iming  nt  the  mnphuiu:  mrUiod  of 
(AfUT  U.  Ki'tziUH.  Biul.  I'uh'mu'h.,  ShK'khulm.  n.  F.,  Bd.  iv,  IIW, 
,  FiK-  2.)    H.  Hurfiii-v  of  vpithttiam ;   6;,  iHibupithcliftl  ( 


actual  tonninatioiiB,  liowever,  appear  never  to  lie  in  the  snper- 
ficiat  layers  of  the  epithelium,  but  the  branches,  having  passed 
out  near  the  surface,  turn  backward  to  end  free  near  the  jnno- 
tion  of  the  epithelium  with  its  connective-tissue  support  (Fig. 
2Vi).  Whether  or  not  this  behavior  depends  upon  the  vam- 
tions  in  the  distention  of  the  bladder  wall,  or  lepresenU  a 
mechanism  for  tlic  purpose  of  avoiding  a  possible  harmfnl  in- 
fluence of  the  urine  upon  the  nerve  endings,  is  not  known. 

The  mucous  membranes  covered  by  ciliated  epitbelinm  also 
receive  nerve  fibres  which  end  free  in  among  ttnd  upon  the 
colls  (Fig.  ai3). 

The  number  of  nerve  flbril.f  present  in  ordinary  epithelial 
surfaces  in  remarkable ;  even  the  gold  method,  by  means  of 
which  Cohnbeim*  discovered  the  free  intercellular  endings  in 


•  ('nliTiliBim,  J.     I'cber  die  ErHliKunK  'Icr  siTsililcn  Xerven  In  d«  Uom- 
haut,    Areb.  f.  pulh.  Aiiat.,  etc.,  Herl..  Bd.  xxiviii  (IBdi),  S.  8- 
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the  epithelial  layer  of  the  cornea  {Fig.  214),  shows  in  suceeBs- 
f  ul  preparations  a  large  number  of  fine  fibrils.     But  the  nigro- 


Pio  212— \eiTU  flbnla  ID  the  cpitheliam  of  a  vertical  aectum  of  the  .  ..  _ 
bladdvr  Htthcxl  ornolgi  (AftirU  RetziUH  Biiil  Uiittnuih  HtMkliulm, 
n  !>  Bd  IV  1802  Taf  xiv  Fig  4  I  u  ouixTliiial  l&yir  f  epithelial  relU; 
bf  Kiibriiithi lial  cunni'CtiiL  battle     n   uiric  fibn   ptisiuiift  frum  i; 


Fig.  213.— Termination  in  the  form  of  trefoil  end  platelets  on  the  eiliiited  cells  of 
the  frog's  pnlate.  iteKittal  sii-tiiin  ;  vital  staioinjt  wilh  methylene  liliie ; 
ahini  cochineal  lined  us  a  (MiiiiitentUiiii.  (Afttr  A.  Bethc.  Arfli.  t.  niikr. 
Auat.,  BoDn,  Bd.  xliv,  IHM,  Tuf.  zii.  Fig.  ai 


FlU.  314.— VcrtitsI  Bcction  thniogh  the  comoa.  (After  J.  Cohnhelm,  Arch.  f. 
patli.  AnHt..  i-tc.  Birl..  M.  ixxviii.  1S»T.  Taf.  lii,  Fig.  8.)  The  corneal  nr- 
pUHvlps  And  the  rvHn  ut  IXwviitet'H  monhiiiiip  are  li-ft  out  of  th«  drawiof ; 
the  snteriur  V|»tlir1iani  has  hcvn  ilnimi  in  inily  in  part.  a.  Dvei'vniet'a  Eaem- 
hntne :  b,  wrvm  thnu  thv  pliiuaw :  r.  bmichi's  miliK  to  tbe  epitbeliam,  here 


...,..i.FiK.l,)/B.  -  . 
flbrili!:  i.  bifunsiion: 
huriaintal  flbrea. 
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sine  and  safranine  staining  of  Macallum,*  and  the  method  of 
Golgi  applied  by  F.  E.  Sehulze,t  van  Gehuehten,J  and  others, 
has  shown  us  the  really  enormous  number  of  nerve  fibrils 
that  are  present  in  such  structures  (Fig.  215).  The  method 
of  Ehrlich,  applied  to  the  skin  and  mucous  membrane  by 
Eberth,  Szymonowicz,  ^  Bethe,  Dogiel  (Figs.  216-218),  and 
others,  has  revealed  even  more.  It  would  appear  that  almost 
every  epithelial  cell  stands  in  contact  relation  with  one  or  more 
nerve  fibrils.  And  perhaps  this  may  be  true  of  all  epithelial 
cells. 

While  the  majority  of  the  fibrils  in  the  skin  and  in  the  epi- 
thelium of  the  mucous  membranes  end  free,  often  with  forma- 
tion of  slight  varicosities,  others  of  them  terminate  in  definitely 
differentiated  end  platelets.  As  an  example  of  these  may  be 
mentioned  the  so-called  trefoil-shaped  platelets  which  Bethe  || 
has  described  as  occurring  on  the  nerve  fibrils  in  contact  with 
the  cylindrical  cells  in  the  epithelium  of  the  frog's  tongue  and 
palate,  and  the  round  end  plates  which  he  finds  on  the  rod 
cells,  the  forked  cells,  and  the  deep  cylindrical  cells  in  the  same 
organ.  These  end  plates  (Fig.  219)  are  to  be  looked  upon  as 
expansions  of  the  distal  end  of  the  nerve  fibril.  The  nerve  fibril 
is  attached  to  the  end  plate  very  much  as  the  stem  is  to  a  leaf. 
Several  of  them  may  belong  to  a  single  nerve  fibril,  and,  what  is 
more  important,  the  same  nerve  fibre  can  be  connected  with 
the  simple  free  nerve  endings  as  well  as  with  these  endings  in 
platelets.  The  epithelial  cells  in  contact  with  these  platelets 
can  often  be  differentiated  from  the  other  epithelial  cells  by 
their  behavior  toward  alum  cochineal.  Niemack  describes  in 
the  frog's  tongue  cells  almost  completely  surrounded  by  a 
mantle  of  nerve  substance  arising  as  an  expansion  of  a  terminal 


*  Macallum,  A.  B.  The  Nerve  Terminations  in  the  Cutaneous  Epithe- 
lium of  the  Tadpole.    Quart.  J.  Micr.  Sc.,  Ijond.,  n.  s.,  vol.  xxvi,  pp.  53-70. 

t  Schulze,  F.  E.  Freie  Nervenenden  in  der  Epidermis  der  Knochenfische. 
Sitzungsb.  d.  k.  Preuss.  Akad.  d.  Wissensch.,  phvs.-math.  CI.  (1892),  No.  viii, 
S.  87,  88. 

X  van  Oehuchten,  A.  Les  terminaisons  nerveuses  intra-epidermiques 
chez  quelques  mammif^res.  Cellule,  Lierre  et  Louvain,  t.  ix  (1893),  fasc.  2, 
pp.  301-331. 

•  Szyraonowicz,  W.  BeitrUge  zur  Kenntniss  der  Nervenendigungeu  in 
Hautgebilden.    Arch.  f.  raikr.  Anat.,  Bonn,  Bd.  xlv  (1895).  S.  624-654. 

I  Bethe,  A.  Die  Nervenendigungen  im  Gaumen  und  in  der  Zunge  des 
Prosches.    Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  xliv  (1894),  S.  185-206. 
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fibril ;  Bethe  could  not,  however,  find  such  structures  in  tissues 
fixed  by  his  method. 


Fi«.  216. — Nervi'8  and  ncrv<>  endings  fn)m  the  human  cornea.  (After  A.  8.  Dociel, 
Anal.  Anz.,  Jena,  Bd.  v,  1890,  8.  488,  B^g.  5. )  A,  medullated  nerve  fibre 
which  divides  into  two,  d  and  e,  of  which  one,  e,  ends  in  a  compound  Akein, 
/?;  the  other,  ^/,  breaks  up  into  three  hrancho^/,/', /".  The  branch /divides 
into  two  threads,  h  and  i ;  the  thread  h  endn  in  a  loop,  D.  and  in  a  hookletf 
E,  but  the  thnwl  i  helps  to  form  the  simple  skein  C\  the  branch/'  enters 
the  complex  skein,  B;  the  branch /"  finally  breaks  up  into  the  threads /'" 
and  /"",  of  which  th<^  former  ends  in  a  lo<»p,  I),  while  the  other  goes  into  the 
skein  C.  The  branch  /"  is  surrounded  for  a  certain  distance  br  myelin:  nu- 
clei are,  however,  immediately  adj»i<*ent  to  the  threads  /  and  /'  .  g, 
bninch  of  a  medullated  fibre  (not  shown  in  the  figure)  which  breaks  up  into 
threads  which  go  over  into  the  comiM)und  skein,  B\  a,  central  fibre  ;  bf  peri- 
pheml  pjirt  of  axone  ;  c,  myelin. 

Another  form  of  end  platelet  with  which  histologists  have 
become  familiar  since  Merkel's  *  descriptions  is  that  to  be  met 


♦  Merkol,  Fr.  Uebor  die  Endigung  der  sensiblen  Xerven  in  der  Haul. 
Nachr.  v.  d.  k.  (lesellsch.  der  Wissensch.  a.  d.  (Jeorg-Aug.-Univ.,  G5ttingen 
(1875),  S.  128-128.— TastzcUen  und  Tastkorporchen  bei  den  Hansthieren  and 
beim  Menschen.  Arch.  f.  inikr.  Annt.,  Bonn,  IW.  xi  (1875),  S.  686-652.— 
Uebcr  die  p]ndi<T:ungen  dor  sensiblen  Nerven  in  dor  Haut  der  Wirbeltiere. 
4to.    Rostock  (1880). 
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with  adjacent  to  the  well-known  Tastzellen  of  this  author. 
The  epithelial  cell  (Taslzelle  of  Uerkel)  adjacent  to  the  tac- 
tile meniBcuB  is  of  different  shape,  and  poseesses  entirely  dif- 
ferent staining  reactions  from  those  of  the  other  cells,  bo 
that  when  one  is  once  familiar  with  its  appearance  he  can  rec- 
ognize it  in  sections  which  have  not  been  stained  especially  to 
Bhow  the  nerre  endings.     In  the  skin,  Uerkel's  Tastzellen  are 


Pio.  £17.— Nerves  and  neire  radinjni  in  hnman  cornea.  (After  A.  8.  Do^el, 
Aut.  Ani.,  Jena,  Bd.  v,  1890,  Fig.  6.1  A  and  B.  two  medullatMl  flbn-s. 
each  of  which  divides  forklikp  iut«.  twu  hmnriipii  (n.  i  and  r.  rf  i :  the  linineh. 
B.  romu  &  umple  skein,  thenthere  fonn  ronipiHind  skoiiis  :  t.  a  varinwi'  tlinnd 
whicli  Dnites  two  end  skeina  ;  /.  threads  which  have  ariiten  by  divitiioii  uf 
tbe  axone  of  the  medullatcd  fibres. 

most  namerons  in  the  interpapillary  processes  of  epithelium. 
They  are  easily  demonstrable  in  the  adult  (Fig.  2£0)  and 
embryo  (Fig.  821)  pig  by  means  of  the  vital  staining  with 


368 


THE  NERVOUS  SYSTEM. 


methyl  en  G-blue,  as  Szymonowicz  *  has  shown.  I  have  stainfd 
them  b;  tlie  same  method  in  the  pig's  snout,  and  also  io  bunun 
skin  obtained  from  the  surgical  operating  room.  With  the  aid 
of  Bethe's  fixing  method  one  can  obtain  beautiful  pictures  bj 
counter-staining  the  sections  with  Ozokor's  alum  cochineal.  Id 
a  successful  preparation  the  expansions  of  the  ends  of  the  nerve 
fibrils — the  tactile  meuiaci — are  atuined  deep  blue,  the  Ta»t- 
zellen  of  Mcrkel  dark  red,  and  other  epithelial  cells  pale  pink. 


IS.— Mriliillfttoi)   n 

cTi-i>  fibn-  fmiii  till'  n.njiini'UvB  nf  nwD.     (After  .\. 

Kii'1.  Anil.  r.  itiikr 

.  AiiHl..  II..I1II.  IW.  iliv.  IMM-W,  ttt  iil.  Ftjt.  8.  •    T 

iliai.«i.'dfll.rf('i)l 

limiks  u|>  iiitoMtiKlir  l.mni'h™  (4)  and  muller  diviiiM 

II  (r),  wliidi  l<.nii . 

H  rU'iu.-  lu-iKiitli  tho  .■|)itlK-1i.im. 

Jlerkel  thought  at  first  that  the  TmtzeUeii  were  actually  gan- 
glion cells.  Now  we  know  them  to  be  simply  modified  epithelial 
cells  in  contact  with  special  disklikc  expansions  of  the  nerve 
fibrils.  The  structures  have  been  iiptly  compared  to  an  acom, 
tJic  ilitfercntiiitol  cell  corresponding  to  the  nut,  the  meniscus 
to  the  cup  in  which  the  nut  sits,  and  the  nerve  fibril  to  the 
stem  of  tlic  cup,  Kallins  looks  npon  Bcthe's  end  platelets,  de- 
scribed iilHive,  as  transition  forma  between  the  simple  free  inters 


t'l.  w.    itfiirn 


■  ziir  Ki-iinlniss  Am  Nerveiwniligimgcn  in 

Kiitwirkeliinit  lier  Xcrvenendigungpn  in 

rclj,  I.  niikr.  Aniil,,  Itiiun,  Bd.  xVi  (1895).  & 
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cellular  nerve  endings  and  the  ending  in  meniBci  on  Merkel's 
Taghellen. 

A  comprehenBivo  aeries  of  researcheB  on  the  eiM^alled  Gran- 
dry's  *  corpuscles,  which  are  found  in  the  duck's  bill  (Fig.  222), 


Fia,  Sia.— Nerre  endings 


Te  endings  in  epithelltini  of  frog's  pol&te.    (Atler  A.  Botfae.  Arch. 
liiHt..  Bunn,   BiT.  xliv.  lR94-'ii3.  Taf  xil.  Flgg.  -i,  3,  aud  1.)    Vital 
stuining  with  nictliylunu  blut'.     Fii&tion  by  Bcthu'g  mcthuil :  <        '  ~  '  ' 

1^^  »E«k  -Ion.  ».^.l.:..^...i         - ...  j;.. ?^i   ._   p  fi  -      - 


lag  wilh  alum  cuvhiuiwl.  a.  Iwo  eiidinga  with  trrfiiil  end  [ilatva,  one  ot  th« 
endiugs  being  mva  tnaa  thi-  side ;  6,  upp«'r  liordcr  uf  a  nciuury  hillock  tcaiwd 
oat  of  a  Hugittal  Hertion,  ni-rre  endiiigN  with  treroil  plat<>  on  fnur  cjlindrical 
cells  (one  of  thptn  hn'U  (nna  the  aidei,  alau  nen'e  terniinatiim  in  the 
Torm  uf  a  niund  plate  on  u  niund  cell  and  on  one  crlindrioil  cell  in  the 
depth ;  e,  two  iaulated  rod  cells  with  end  plotcii  and  nvrvo  flbrilit  frum  a 
tuiaed  prujuntlloii. 


Fio.  820.  Fia.  221. 

Fio.  220.— A  perpendicular  i 

two  upilttc  which  BhuwH  a  large  group 

sees  the  limitB  of  the  epithelial  c<'ll>^  indi.. 

ing  the  epithelium.    On  tho  left  Hide  prohabl;  a  part  uf  an  end  bulb.    (Af) 

W.   Szvmunowicz.    Arch.   f.   niikr.   Anat..   Bimn.  Bd.   ilv,  IS05.  Tiif.  ml 

Fig.  6) 

Fio.  381.— a  perpendicular  scctiim  thniugh  the  lower  part  of  the  epidern 
between  two  papillic.  from  a  fiPtUH  30  i-m,  long,  to  ghnw  the  dcvelupnient 
the  nerve  endings  about  Merkel's  Tntli^ltH.  I  After  W.  Rzymonowicz.  An 
f.  miki.  Anat,  Bonn,  Bii.  xlv.  Visa.  Tut.  iiiiii,  Fig.  D.  I 


*  Qruidr7.    Rechcrches  b 
phjuoL,  etc,  Par.  (1B6S). 


'  les  corpuscles  de  Pacini.    J.  de  I'auat.  et 
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make  it  appear  that  these  structures  also  represent  groups  of 
epithelial  cells  between  which  nerve  fibrils  end  free  bj  means  of 
terminal  end  plates.  Dogiel  *  has  studied  them  with  the  me- 
thylene-blue  method  and  has  convinced  himself  that  there 
are  disks  inside  them  which  are  continuous  with  nerve  fibres 
lying  between  the  cells  of  the  corpuscle.  The  finer  stmc- 
ture  has  been  studied  also  by  Geberg  f  with  both  Golgi^s 
method  and  the  methylene-blue  stain  (Fig.  223).  Geberg  be- 
lieves that  the  nerve  fibre  breaks  up  in  the  disk  into  a  number 
of  very  fine  fibrils  which  run  in  directions  through  the  disk 


Fio.  222. — Gnmdry'B  terniiiial  nerve  corpuscles  from  the  duck's  bill.     (After  H. 
GniiKlry,  J.  de  Tanat.  et  physiol.,  Par.,  t.  vi,  1869,  pi.  xv,  Fig.  10.) 


(Fig.  224),  while  Dogiel  thinks  that  the  axis  cylinder  breaks  up 
into  two  bundles  of  fibres  which  run  around  the  border  in  a 
ringlike  way,  leaving  the  centre  of  the  disk  free  from  actual 
nerve  fibrils.  It  is  rather  interesting  to  note  that  Grandry's 
corpuscles  are  classed  among  the  epithelial  structures,  despite 
the  fact  that  they  are  situated  in  the  subepithelial  tissues  and 
are  inclosed  in  a  definite  connective-tissue  sheath.  The  study 
of  the  ontogeny  of  the  cells,  however,  is  said  to  have  established 
their  epithelial  origin. 

The  nerve  endings  in  the  hairs  have  naturally  attracted  a 
great  deal  of  attention  inasmuch  as  these  structures  have  long 
been  known  to  be  very  delicately  responsive  tactile  organs.     As 

*  Dogiel,  A.  S.  Die  Xervenendigungen  in  Tastk5rperchen.  Arch.  f. 
Anat.  u  Physiol.,  Anat.,  Abth..  Leipz.,  Jahrg.  (1891),  S.  182-lW. 

f  Gebt-rg,  A.  Teber  die  Innervation  der  Gaumenhaut  bei  Schwimm- 
vogeln.  Internal.  Monutschr.  f.  Anat.  u.  Physiol.,  Leipz.,  fid.  x  (1888X  Sw 
205-240. 
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stimulus."  The  earlier  studies  of  Bonnet,*  Merkel,f  and 
Arnstein  J  showed  the  intimate  relation  of  medullated  neire 
fi])re8  to  the  hairs,  and  indeed  to  a  particular  part  of  the  hair 
(Figs.  225,  226).  Just  below  the  spot  where  the  sebaceoas  gland 
opens  into  it  the  hair  follicle  shows  a  furrow  about  it,  beneath 
which  is  a  projecting  ridge.  The  nerves  connected  with  the 
hair  follicle  approach  this  ridge  and  penetrate  the  sheath,  los- 
ing on  entrance  their  medullated  coverings.  The  further  fate 
of  the  nerve  fibrils  was  for  some  time  not  clear,  though  Bonnet 
by  means  of  chloride  of  gold  staining  showed  the  existence  of 
horizontal  branches  running  about  the  hair.  These  branches 
gave  off  ascending  twigs  which  appeared  to  lie  upon  the  glassy 
membrane  of  tlie  hair  follicle  imbedded  in  longitudinal  folds 
in  tliis  structure.  There  seemed  to  be  some  doubt  whether  or 
not  the  fibres  went  through  the  glassy  membrane ;  many  be- 
lieved that  they  did  not  perforate  it  but  simply  lay  upon  it. 
The  method  of  Golgi  in  the  hands  of  van  (rehuchten*  and 
Ketzius  II  lias  shown  the  general  characteristics  of  the  endings 
about  the  hairs  in  the  mouse,  rat,  and  man  very  clearly  and  sat- 
isfactorily ( Fig.  227).  In  the  mouse  and  rat  each  hair  receives 
one  nerve  fibre  which  has  its  origin  not  in  the  deep  nerves  of 
the  skin,  but  as  a  branch  of  a  neighboring  fibre  which  is  des- 
tined to  innervate  also  a  portion  of  the  epidermis.  This  fact 
is  of  great  interest  inasmuch  as  it  proves  that  either  the  hairs 
and  these  portions  of  the  epidermis  have  to  do  with  the  origin 
of  the  same  quality  of  sensations,  or  if  they  mediate  different 
seiiso-modalitiea  then  the  same  neurone  must  be  capable  of 
transmitting  from  the  periphery  to  the  centres  impulses  con- 


*  Boniu?t,  li.  Studien  uebcr  die  Innervation  der  Haarbftlge  der  Haus- 
thiore.     Murphol.  Jalirb.,  Leipz.,  Bd.  iv  (1878),  S.  32»-iJ98. 

f  Merkel,  Fr.  Tastzellen  und  Tastkorperchen  bei  den  Haustiereu  und 
boiin  Mensclien.     Arch.  f.  n»ikr.  Anat.,  Bonn,  Bd.  xi  (1876). 

X  Arnslein,  C.  Die  Xerven  der  behaarten  Haut.  Sitzungsb.  d.  k.  Akad. 
d.  Wissensch.  MaUi.-naturw.  Cl.,  Wien,  111.  Abt.,  Oktober,  1876. 

**  Van  (lehuchten.  A.  Les  nerfs  des  poils.  Bull.  Acad.  roy.  de  sc.  de 
BeljU'.,  Brux.,  1]  s.,  t.  xxv  (189:J),  pj).  2:]0-2;}2.— Les  nerfs  des  poils.  M^in.  de 
TAcad.  roy.  de  Bel<,^,  Brux.,  t.  xlix,  IHOiJ. — Contributions  a  T^tude  de  Tin- 
nervation  <les  poils.    Anat.  Anz..  Jena,  Bd.  vii  (1892),  S.  341-348. 

I  Ketzius.  U.  Ueber  die  Nervenendigungen  an  den  Haaren.  Biol. 
Untersuch.,  Stockholm,  n.  F..  B<1.  iv  (1802),  S.  45-48. — Veber  die  £ndiguDg9- 
weise  diT  Ncrvcn  an  den  Ilaaicn  ties  Mensehen.  Biol.  Untcrsuch.,  Stock- 
holm, n.  F.,  Bd.  vi,  S.  01-02. 
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cemed  in  the  production  of  more  than  one  sense-quality.  The 
nerve  fibre  having  reached  the  hair  follicle,  divides  into  two 
branches  which  run  horizontally  about  the  hair  almost  at  right 
angles  to  its  course,  one  division  running  in  front,  the  other 
behind  the  hair.     Tlieae  may  meet  or  they  may  run  only  part 


Tendings  in  the  skin  and  hair  folliclen.    (After  O. 

lUTBUth..  Stwklioliii,  Bd.  iv,   isea.  "nif.  XV,  Fi(t.  4.)    hH, 
:  rm.  ntnttum  Kumiinativum  Mulpigliii;  r.  nicisl  siipvrlidni 

it  slii'ath  :  h.  the  hair  itKcir;  dr.  glHiKlulie  nebiircH-. 


of  the  way  around,  thus  forming  an  incomplete  ring.  Small 
ascending  twigs  run  up  from  these  horizontiil  bnmches  parallel 
to  the  direction  of  the  hair  to  terminate,  according  to  van  Ge- 
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von  Frey  *  puts  it,  "  Every  hair  is  a  lever  whose  short  arm  is  in 
tlie  skin,  while  the  long  arm  serves  (or  the  reception  of  the 


Fio.  224,— Turtilc  disca  Trom  twc>  (imniliy'H  c<irpiiacl<«  in  connection  with  the 
axiM  rrliiidcnt  (uh)  of  tiio  ihtvv  Slinw  uiuuecUtl  with  tliem.  Mvtiiyleiii-- 
l>lui-  BtaiuinK.  (AfttTA.  Oflxric,  IntvniHl.  Miiuiktmchr.  f.  Anat.  u.  Phpdo).. 
1,^-iliK.,  IM.  X.  lt)IS,Taf.  ix,  Ei»i.  flaiulM.)  Onoifcs  the  biib  iryli'idfrMtn 
over  Intu  tilt'  tnctile  dliw,  where  tbl- Ktaiiied  BhrilH  ur  buiidhw  uf  fihrih  uf  tlir 
Kxiii  rrliiuliT  lnvali  up  int»  ilcllmic  thn-wlN  whivli  piu»  Id  iHdi'ivnt  ilin-c- 
tiiiliK,  iMit  nutiulr  t(i  tile  lH>nl('r  iif  thu  ti'ruiinal  dine.  In  A.  a  network  like 
miiiiii  iif  the  tiiniulx  iiiii  lie  luiule  out  uniong  the  fllirilH  of  tlw  Iwtile  dine  in 
pluei'H,  nltluniKl)  it  in  nut  very  markc^l ;  fc,  nucleus  of  the  cunnective-tuBue 
Hheatli  of  tliu  curpuHclu. 


i  Hi.  911.— Neire  ondinin  nhnut  n  biw  hmr  from  the  Ante  (After  R.  Bonnet, 
Morpliol.  .Iiihrh.  Ihi|i,!  RiI  it  IHTfl  Tnf  xmi  Fir  4  )  nold  prepnnttioo. 
The  enti'riiit;  nir\ps  partly  fomi  li"  p«  whith  often  inow  indtlenly  root* 
di'lIcHli'.  HK  Ht  n  ;  nt  A  I  ni  ran  make  mit  thi    oriRin  of  the  Rtralitht  t<-nninal 

fihrm  ui.itiE  forlchki  fnini  the  in  iliillnle<l  fihreK    e  cfreuUr  tenntoml  Hhren 

imieliranyinrr.w.*i<ti  u    iiill    .  it  m  il  t .  the  HtralBhtflhreB. 

•von  Frey,  M.     Beitnlce  7ur  Phi^iolijrie   lei  SchmeminnM.     Ber.  d. 
ninth-|>tiys,  CI,  iler  K   'Whs.    GtiiLllseh  d  Wi^scnsch,  Ijoips.,  SiU.  Tom  9. 


IG.  228.— EriTtik  body  of  a  hair  of  the  rat.  (AftiT  B.  Bonnrt,  Motphol. 
Jahrb.,  Lcipi..  Rd.  iv.  1878.  'Rif.  lii,  FiK.  13,)  Gold  prrpHTStion.  P.  deep 
Uyer  of  the  iotrafullk-ular  plexiis:  H'n.  Hwellins  on  root  nhratb  ahowiDg 
nerve  end  bada ;  a,  peculiar  JnRited  nerve  tt'rmlnalii  In  the  deep-lying  nerve 
pletnim:  A',  hrani'li  of  rnlanroun  nerve  which  furmii  the  plexuH  of  the 
neck  of  the  hair  fulliele,  IIP,  and  the  ni-rvc  rinK.  XR;  A.S.rlreular  sinus: 
8P,  tpoags  bod;  ;  r.  circular  riilfte  ;  M.  muscle  uf  the  follicle  ;  F,  fat. 
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were  aUo  nerve  endings  in  the  solid  portion  of  the  tooth; 
while  some  have  believed  that  the  nerro  fibrils  end  only 
among  the  bodies  of  the  odontoblasts  at  the  periphery  of 
the  pulp,  others  tliink  that  they  may  actually  penetrate  the 
dentine  itself,  inasmuch  as  it  is  known  that  if  the  gum  be  re- 


traL'ted  the  dentine  is  sensitive  at  the   margin  of  the  enamel. 
Rctzius  *  has  applied  Colgi's  method  to  the  teeth  of  many  ani- 

*  Ki^UiiLs.  G.  Ziir  Keiuitnis:!  <U'r  NiTveiiondigiingen  in  den  ZBbnen. 
KleiDere  Mittheil.Hiis  iloiii  Qcbiete  <ler  N'erTenliistnlogie.  Biol.  Vuteranch.. 
Stotkholiii,  11.  F.,  Bil.  iv  (lH9a),  S.  e-Vee.— I'eber  die  Nerrenendigungen  in 
den  Xahneii  bei  Ampliibieii.  Biol.  Tntei'siith.,  Slockholm.  n.  F..  Bd.  t,  S. 
4lHl. — '/.lit  Keniitniss  der  Kndigutigsweise  der  Serven  in  den  Zthneo  der 
-SaUgetiere.    Biol.  Utitersuth.,  Slockliolm,  n.  F.,  Bd.  vi,  S.  64. 
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mule,  and  has  succeeded  in  staining  the  nerves  (Fig.  329).     He 
finds  that  the  nerve  fibres  of  the  pulp  branch  manifoldly  and 


!e  cells  anil  nerve  fibres  in  the  villi  anil  nmong  the  elandH  uf  tlie 
ti^niic  of  the  guinis-piK-  (After  H.  Kaiiitiii  y  dgal.  tukcu  from 
A.  ijjipei  *  teit-lionk. )  o,  &,  r.  rf,  )«'rikary«iiii  of  diffiToiit  ii1mi»s  amoiiK 
Blandulo'  iiitcHtinHkii  ( Llplirrkuphni ' :  e,  f,  porikaryoiiH  situated  in  the  villi 
inttHtiuBlen:  the  plexus  formed  hy  their  pnieesheM  isshoHii, 

are  distributed  between  the  odontoblasts  ending  close  or  near 
the  inner  surface  of  the  dentine.  He  was  never  able,  however, 
to  follow  nerve  fibrils  into  the  dentinal  tubules.  Subsequently 
the  subject  has  been  submitted  to  especial  research  by  Morgen- 
atem,*  who  has  obtained  very  remarkable  resnlta.  He  describes 
different  sorts  of  endings  not  only  in  the  dentine  itself  but  also 
even  in  the  ename).     Tliese  findings  have  been  disputed  by 


•  MoTgenstern,  M.  I'eber  das  Vorktimineti  von  Nerven  in  den  harten 
Zahnsubstanzen.  Deutaehe  Moimtschr.  f.  Zahnh..  Leipz..  Jahrg.i  (1892).  Okto- 
ber,  8.  436-437. — Weiteres  ueher  Vorkommen  von  Nerven  in  den  harten 
Zahnsnbstsnzen  iind  iicber  eine  MptlioJe  sle  eufzufinden  uml  zu  konser- 
vieren.     Ibid.,  Jabrg.  xiii,  S.  111-114. 
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Km.  '.iSS,— Sinv  iTiilhigs  in  tin-  (aliviir7  Rlandx.    (AtltT<l.  HetriuH,  Biol.  Untcr- 
siii'li.,  IHun.  tiikt'ti   from   UHubvr'g  tcxt-bui>k.)     t,  I.  aetliiina  itt  acini;  U. 
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Riise,*  who  thinks  that  Morgenstern  had  to  deal  with  precipi- 
tatea  in  the  deutinal  tubulee  and  on  the  processes  of  the  odonto- 
blasts. For  the  present,  then,  we  must  await  patiently  the 
results  of  further  research  in  this  direction. 

As  to  the  beginnings  of  centripetally  conducting  fibres  in 
the  organs  of  hypobiastic  origin,  exclusive  of  the  mucous  mem- 
branes, comparatively  little  ia  known.     Cuccati  f  and  Berkley 


(After  Dmitrijpwskl,  Kii«n, 


have  described  the  nerve  endings  in  the  lung,  and  Berkley  I  and 
Korolkow  "  have  followed  the  fine  nerve  fibrils  throughout  the 


•  Rfise,  C.  Ueber  die  Nervcneiiiligungeii  in  lien  Zithnen.  Deutsche 
Monatschr.  f.  Kahnh..  lie'ipz.,  Jahrg.  li.  S.  58-60, 

t  Cnccati.O.  Ncrvi  del  pulJDouj.  NoU  pre  rent  iva,  presentata  stli  reals 
Accad.  di  Bologna  nella  Sessiono  del  IS  Gennaio,  188B. — Sopra  il  distribui- 
mento  e  la  terRiLnazione  delle  Bbre  nerve«  nei  piilnioiii  della  rana  tempo- 
raria.  Internat,  Monstsehr,  f.  Anat.  u.  Physiol..  Leipz..  Bd.  t  (1888).  S. 
194-S03. — Intomo  al  modo  oiide  i  imrvi  si  ilUtribuiscono  e  tenniaano  nei 
polmoni  e  nei  muscoli  aildomioali  del  Triton  cristatus.  Internal.  Monat- 
Bchr.  f.  Anat.  u.  Physiol..  Leipz..  ltd.  vi  {1860).  S,  337-340. 

t  Berkley,  H.J.    Studies  in  the  Liver 
noep.  Rep.,  Ball.  (18114). 

•  Korolkow,  P.    I'elMr  die  Ncr 
Anz.,  Jena,  Bd.  viii  (1893),  S.  751-75 


Iiitrinsii-  Nerves.    Johns  Hopkins 
nendigungen  in   iler   Leber.      Anat. 
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liver  substance  (Fig.  230).  The  pancreas  (Fig.  231)  as  well  as 
the  stomach  and  intestine  (Fig.  232)  have  been  studied  by 
Erik  MilUer,*  and  by  Ramon  y  Cajal,  and  the  salivary  glands 
(Fig.  233)  and  the  thyreoid  have  also  been  investigated  by 
several  observers.  The  endings  in  the  epididymis  have  bec*n 
studied  by  Timofeew  (Fig.  234),  those  in  the  testicle  by  Sda- 
vunos  (Fig.  235).  The  sensory  as  well  as  the  motor  and  secre- 
tory  nerve   endings  in   the  mammary  gland  (Fig.  230)   have 


\ 


Fuj.  2:^7.— Two  <'orpus<'los  containing  uvrve.  ondinjjo*  from  the  external  oon- 
n<Tliv('-ti>sue  slu'uth  of  tin*  dojf's  prttstati*.  (AfttT  Timofti'W.  1805.  frtim 
lijiulM^r's  t('Xt-)N>ok.)  (I,  thick  nu'dulhitcd  nerve  fibre  which  runs  out  intci 
the  luind-shaiM'il  jixis  cylimler;  h,  d<*Ii<-ute  mediillatiHl  ucrvo  fibre  'which 
forms  tlie  tcriiiinal  a]>i>anitii.s  ;  niethylcne-hliic  staining. 

lately  been  studied  by  Dmitrijewski.f  Two  corpuscles  from  the 
])rostate  are  shown  in  Fig.  237.  Without  going  into  a  detailed 
description  of  the  findings  in  these  various  organs  it  may  be 
stated  that  every  one  has  been  surprised  at  their  enormous  rich- 
ness in  nerve  fibrils. 


•  Mijller,  E.  Ziir  Keiintniss  der  Ausbrcitung  iind  Endigungsweiae  der 
Ma<2:en-,  Darin-  and  Paiikreasnerven.  Arch.  f.  niikr.  Anat.,  Bonn,  Bd.  xl,  S. 
39(M0». 

f  Drnitrijewski,  P.  Ueber  die  Nerven  dcs  MilchdrQsen.  Diss.  Kasan, 
1H04,  abstnuted  hy  Stieda  in  i^Ierkel-Bonnct's  P^rgebn.  der  Anat.,  Bil.  r 
(IHjrj).  W'iesb.,  isim. 


CHAPTER  XXXI. 

THE  MEDULLATED  PERIPHERAL  AX0NE8  OF  THE  PERIPHERAL 
CENTRIPETAL  NEURONES  AND  THEIR  TERMINAL  APPARA- 
TUS— ( Coniifiued), 

Sensory  nerve  beginnings  in  mesoblastic  tissues — Corium  and  tela  subcu- 
tanea — Tunic®  mucosae  and  telae  submucosap — Meninges — Tendons — 
Connective  tissue  of  organs — Voluntary,  cardiac  and  smooth  muscle — 
Nerve  terminals  in  pathological  growths. 

Sensory  Nerve  Beginnings  in  Mesoblastic  Tissues, 

We  next  have  to  consider  the  distribution  of  the  peripheral 
extremities  of  the  centripetal  nerves  in  the  various  mesoblastic 
structures  including  the  corium  and  tela  subcutanea  of  the  skin, 
the  connective  tissue  of  mucous  membranes,  the  meninges  of 
the  brain,  the  tendinous  structures  of  the  body,  the  capsules 
and  interstitial  connective  tissue  of  the  solid  organs,  and  the 
muscles,  including  voluntary,  cardiac,  and  smooth  muscular 
tissue.  Here  also  it  has  been  found  that  the  nerve  fibrils  may 
terminate  as  free  endings  either  in  the  form  of  delicate  varicosi- 
ties or  end-platelets,  or  they  may  be  inclosed  in  encapsulated  end- 
organs  of  specific  structure  (corpuscula  nervorum  terminalia). 

i 


S 


Fig.  238.— Free  nerve  endings  on  the  basal  membrane  at  the  junction  of  the 
epidermis  with  the  subcutaneous  tissue.  (After  W.  Szymonowicz,  Arch.  f. 
mikr.  Anat.,  Bonn,  B<1.  xlv,  Taf.  xxxiii,  Fig.  5.)  One  st^es  a  nerve  fibre 
enter  from  below  on  each  side  and  break  up  to  form  an  end  plexus.  Szymono- 
wicz thinks  that  this  ending  is  identical  with  the  terminaiaon  h^dMforme  of 
Ranvier. 

In  the  skin  at  the  junction  of  the  corium  with  the  epidermis 
Ranvier  has  described  what  he  calls  terminaisons  hederiformes. 
These  have  subsequently  been  studied  by  the  methylene-blue 
method  by  Szymonowicz  *  in  the  snout  of  the  pig  (Fig.  238). 

♦  Op,  cit, 
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They  consist  of  axis  cylinders  which  divide  manifoldly  and 
form  irregular  dendritic  end-branchinga  and  end-plexoses,  the 
fibres  often  pliowing  varicosities  in  their  course.  According  to 
Szymonowicz,  they  are  more  developed  in  the  parts  of  the  skin 
in  which  Merkel'e  TaatzelUn  in  the 
epidermis  are  absent  or  present  only 
in  small  numbers.  They  often  lie  im- 
mediately upon  the  basal  membrane, 
following  exactly  the  indentations  and 
irregularities  of  the  junction  of  the 
epidermis  witli  the  corium.  Szymono- 
wicz  could  not  make  out,  however, 
that  any  branches  ever  passed  into  the 
epidermis  to  run  among  the  epithe- 
lial cells. 

The  endings  lying  upon  the  glassy 
membrane  of  the  hair  follicles  also 
represent  free  nerve  endings  in  the 
connective  tissue. 

Of  tlie  special  end-organs  occurring 
in  the  connective  tissue  of  the  skin 
several  interesting  forma  have  been 
described.  First  of  all  the  tactile  cor- 
puscle described  long  ago  by  Wagner 
and  Jfeiwsncr*  is  familiar  to  every  one  (Fig.  239).  A  section 
made  through  the  skin  of  the  pulp  of  the  finger  shows  niunbera 
of  these  in  the  papillae  of  the  corium.  Sometimes  the  corpuscles 
are  simple,  but  they  may  consist  of  several  lobules  with  a  com- 
mon bnae.  One  or  more  nerve  fibres  enter  the  lobule  at  or  near 
its  base ;  lifter  taking  a  pomewhat  tortuous  course  each  plunges 
into  the  eorpuiidi-,  loses  its  myelin  sheath,  and  divides  repeatedly 
with  formation  of  a  definite  end  arborization  inside  the  corpus- 
cle.    Kach  terminal  branch  runs  out  to  end  free,  usually  as  a 


FlO.  aan.— Tiirtile  corpUM'lc 
iif  Mi'ilvuicr  from  : 
thrriUKli  thi'  nkiii  n: 
ianul<H>.  Fitalion 
mii'uri'l.  W.  liliHH 
.V.  miitiiUnhfl  iii-n-i'  fiUn-. 
(AfUT  r.  Srliiflfi.Tcl 
irr.  (it'WPlH'li'lin',  limn  II- 
whwi-is.  isei,  S.  S21,  Pig. 


*  \Va;;iiiT,  It.,  iiiiil  (i,  Mi-isyiiiT.  I'l'lipr  (Ins  Vorhaniienaein  bisher  iinb«^ 
konntcr  t'ip'iitlinmlii-)ii'rTnMlki'ir;i<-n-hon(('i>rpiiw-iiU  tactus)indoB  Gerohls- 
wirzi'licii  iliT  iiu-iiiwliliohcii  Ilaiit  iinil  m-bcr  liie  Kndausbreitung  sensitiver 
Senvd.  Nnfhr.  v.  <1.  k.  UcM-lWh.  A.  WixHciiKch.  u.  d.  Oeorg-Aug.-l'niT, 
Giirtiiip..  \Wfi.  S.  17-U3.  Also  AleissiiiT.  (i.  Bititrage  xnr  Anatomie  iind 
Physi.:l.,j;ie  ilrr  Hunt.  U-iymfi.  I«i1,— Ziir  l^lirc  vom  TastBinn.  Ztochr.  f. 
nit.  me<\..  Ik'iilplK.  n.  F.,  ltd.  iv  (IH.Vt).  S.  2IH)-2H0,— Untcrsuobungen  luber 
den  Tustsinn.    Ibiii^  3  U.,  «d.  vii  (1B51)),  S.  U3-1 18. 


*-««!?*Cl 


Fro  S40  —Section  thraagh  t1  P  Hk  n    f  the  t**.    In  throe  pep  Ifp  Mc  janer'H  cor- 
pUHclts  witl  sta    ed  ner  e  ^hnt  are  vi«  ble    a    tmtum  luc  dm      A  strntum 

franulodum    r  itratum  Malp  jrl       (Aftpr  j*  S  D<  k   1   Inttnuit.  MonatBBchr. 
Anat  u  Phraiol    Le  pz    Bil  ix,  lim.  Tit  v  F  g  1  ) 


Fio.  341. — HeiaBner'B  corpuscle,  a  and  a',  axis  cylinden  of  nerve  fibres,  whlrh 
enter  the  corpusFle  and  break  up  into  branches  and  thTcad^  uut  of  which  the 
Derreakein  arises.  (AfU^rA. -S.  Dugiel.  Interout.  Mooateschr.  f.  Anat  u. 
PhTllol.,  Leipt.,  Bd.  )z,  1803.  Taf.  t,  Fig.  3.) 
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somewhat  flattened  plate  in  among  the  flat  or  wedge-shaped  celk 
{Kolbenzellen  of  Erause)  •  of  the  corpuBcles.  These  corpuscles 
of  Meiasner  are  abundant  in  non-hairy  parts  where  tactile  sense 
is  acute.  They  have  been  carefully  studied  by  means  of  the 
methylene-blue  method  by  Dogiel.f  He  has  described  at  length 
the  formation  of  a  system  of  loops  resulting  from  the  spiral- 
like  curvingB,  manifold  divisions,  and  crossings  of  the  fibres 
inside  the  corpuscles  (Figs.  340,  241).  Dogiel  believes  that  a 
network  is  formed  of  these  diyisions,  a  view  shared  by  Sniir&ow,^ 


I'ty-Svv 

M-br.  r.  AiiHi 


1.  Plij-Bi.tl.,  Ltipt.  Bd.  X,  Itm.  T«f.  li.  Tig.  5.1 


who  h.if  studied  Meissner's  corpuscles  in  the  skin  with  gold 
ehl<jri<l>-.  viih  Goljn's  metho«l.  and  also  with  methylene  bine  in 

*  Kn::M'.  U'.  Die  i^rminnK'ii  Ki'^nwn.'hen  liereEnfach  aensiblen  Nerren. 
H;»r>  i-^r,  ~V'.  l-^V— I'ie  NVrTinemlicung  in  Jen  TMtfcOtperclieii.  Arch. 
f-  B;:<r.  A;;V..  H-;it!.  B.1.  xJi  .l'*)*l-W-.  S.  213-231. 

*  !*■  £■.-'..  X.  •^.  D:.'  N'ir(viioiiiti;;iinci'n  in TmstLOperchen.  Arcfa. t  Acut. 
■-..  Pr.j-.    .,  \-n:  AMh.,  IMj-r..  ISfl,  S.  l>*l-tW.— IW*  Nen«ti«idigiiDg«a 

'.  T.i*(ii.''rp. n-li.'ii.    liitiTiKt.  Monatwlir.  £.  AnaL b.  PhjaioL, 


L-:-..  B.:.  .\   :*«  , 


r  K[i.[k.>n>cn  in  ■.Ut  Ham  <l«r  Pknte  pedis  and 
>r.  in  .!rnT.is;k'"r[vn'hend«M«ische«i. 
ir^;.-:..  U-ipi..  Bd.  I  vliWi.  S.  941-MT. 


/^ 


0,  p«pilla  witb 
n  the  Bur&ce  of 
Doglel.  Alvb.  r. 


Fio.  244.— Tenoinal  neirp  corpuntl™  in  the  pyrliiU  of  man.  (After  A.  S.  Dogjel, 
Arch.  f.  mikr.  Aiiat..  Bunn.  UA.  zliv,  lB»4-'»5,  Taf.  iii,  Fitm.  2  and  4.)  I. 
Terminsl  nerve  corpUHclm  froin  the  pHpillv  of  the  mai^n  of  the  lid ;  a. 
medDll*t«d  nerve  flbrm.  [1.  A.  B,  C.  t*rminAl  nerve  coipuscles  of  different 
tbrau  fnnn  the  nra  orbilaliH  conjunrtivK :  a.  the  ahaitti :  b,  naclei  of  B>t 
cells  of  the  Kheatn  ;  c,  medullated  nerve  flbrea 
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perfectly  freah  tiwiie  removed  at  operation  (Fig-  248).  The 
latter  staining  ehoved  exquisitely  the  ramification  and  division 
of  the  fibres  iuside  the  corpusclee.    Methylene-blue  preparations 


[II.  313.  s  Till  H  Ik  nuitTi  Mitnai  ■>f  tin  Nkni  f  tin  |>ulp  uf  the  fingers  In  nrdvr 
ti>  dciiiiiiiHlnili  III!  t(i|wKm|>hy  i>f  lh(  ti  nniiuil  iimuiu  ormiu"  |/>.V| 
aiwriUil  )i\  IlnlHiii  \rt(r  V  ItiilHni  Anii  itHi  Ui  liiol  Turin,  t.  izi. 
ISM,  )il  111  Vm  11.  ChWriili .iif Kiilil  iintHTHtlin  4J  atierlolr i  fM. 
Mt'lw-iii  r  H  niriHi'H  It-H  rl'  tniu>Ti  Tw  Hitbiiiit  iif  racinlan  coipuHclefi 
r«i.l..riiHr.«i-Klaii.ts    ii\   Rnthm      ■•     -      ■      '- 


:i  iilir 


■    fthi 


iiliilinm    ■'p  papillarr  layer  of  tlie  skin  ; 


I  fill 


show  thilt  the  Mime  nerve  fibre  muy  be  connected  with  more 
than  (iiic  tiictile  corpuscle,  uiid  Dogiel  atates  that  he  has  seen 
fibres  enter  the  eorpuscle,  pasd  agam  out  of  it,  and  enter  the 
epithelium  to  terminutc  there.     End  corpuscles  (Figs.  S43,  844) 
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H    i 


Fin,  348,— Rufljni 
qawK  nrrrrnr  I 
RaffiDi.  Arch.  itsl.  Aehiii  T  n  i 
III,  I8H.  pi.  i.  l''iRB.  1  unit  3  T  ni 
nal  nerve  cylimlera  formed  of  >  in 
flhnn  coming  fnim  thv  ' 
mMivision  nf  n  siiigli- 
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somewhat  aimilar  to  Meissner's  corpuBclea,  but  much  simpler, 
have  been  described  in  the  conjunctiva  of  human  beings  by 
Dogiel.* 

A  special  variety  of  terminal  corpuscle  has  been  described 
in  the  subcutaneous  tissue  of  the  human  finger  by  Rnffini. 
These  bodies,  which  are  oval  in  shape  and  about  as  numerous 
as  the  corpuscles  of  Pacini,  lie  at  the  junction  of  the  corium 
and  tela  subcutanea,  and  often,  according  to  Raffini,t  in  the 
connective  tissue  septa  which  separate  the  masses  of  fat  in  the 
latter  (Fig,  245).  These  corpuscles,  which  he  names  orffanex 
nerveux  (eniiiiunix,  are  ordinarily  known  in  the  bibliograpiiy  ai 


Fill.  34'.— Ti-miinnl  iii-rvi' <'i.r|'iiw>v  of  KulHiii.  The  iktvc  flbm  eater  by  one 
of  till-  i'Xtn.'iiiilii.'H  »r  till'  ''•irpUHcIv,  It  in  •.iwy  to  make  oat  that  Honlc'ii 
Hhi'Hth  K>"'"  to  f'*'""  thf  ['u]Hiil(^  iif  llie  riiri'UwUt.  ( After  A.  Buflni,  Arch. 
itHl.  ill-  biol..  Tiirin.  t.  ixi.  I«M.  p\.  1,  Fig.  4,) 


"Ruffini's  endings."  Tliey  receive  their  nerve  fibres  from  the 
side  {Pig.  'iiG),  or  more  rarely  from  one  end  (Fig.  S47).  The 
nerve  fibre,  when  once  inside  the  strong  connective-tissae 
slieath,  divides  into  numerous  branches  which  show  varicoBities 


*  Dfigiel.  A.  S.    Die  NiTvcnpncligiingpn  iiu  LiJrande  und  in  der  Con- 
junctiTB  palpbr. ile^  JIcHsplien.  Arch',  (. raikr ' Anal..  Bonn, Bd. lliv (18M-'»>, 

S.  1.5-25. 

t  Itiiflliii,  A.  D:  un  niiovo  orgnno 
cor]ms(-iili  Golgi-Mazzoni  iicl  onnnelti 
diia  <K-ir  iiotno.  Mem.  d.  H.  acca-l.  .1 
un  nniiTcl  Organc  norvptii  Icrniinal  cl 
li  dans  |p  eonjni 


Arch.  ilal.  ile  liiol.,  Turin,  t.  iii  (IWM).  pp.  249-265. 


voso  terminale  e  milU  prewnia  da 
sottociitanen  del  polpaatrell  delle 
inri'i,  Atmu  cclxiivii  (I8D8). — Sur 
'  la  pn'-.sf  nee  dea  corpnacDles  Qolgi- 
ile  la  puipe  des  doi^  de  lliomtDtt. 
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in  their  course  and  end  in  amall  free  end  knobs  RufSni  be- 
lieves that  they  form  actual  anastomoses  before  terminating. 
The  Rnffini  endmg  iB  seen  m  oross-sectioD  in  Fig  348,  and  in 
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oblique  section  in  Fig.  349.     Ruffini's  findings  have  been  coo- 
firmed  by  Sfameni "  and  by  von  Frey.    That  a  number  of  end- 


nvnc  (thn-  ix  »hoH 

radlvidiriK  into  siven  Bccmiasir  Ahrea  to  which 

I'lH'd  live  oniHri 

iiererii^  trrmiaau^  lit  Rnffioi.     (After  A.  Buffioi. 

il.  di>hiiil.,  Turin,  i 

t.  x\i.  vm.vl.ii.  FiK.  10.) 

ings  may  be  attached  to  the  subdivisions  of  one  nerve  fibre  is 
well  shown  in  Fig.  SSO.  These  corpuscles  of  RufSni  while  they 
resemble  tJie  corpuscles  of  (iolgi  and  Mazzoni,  are  really  dif- 
ferent from  the  latter. 

A  somewhat  simpler  structure  than  Meissner's  corpuscles  is 
met  with  in  the  so-called  end  bulbs  of  Krause,t  which  occur  in 
the  skin  and  in  greater  numbers  in  the  conjanctiva.  Each 
corpuscle  consists  of  a  sheath  made  up  of  flat  connective-tissue 
cells  continuous  with  the  perineurium  inside  which  is  the  so- 
called  inner  bulb,  a  finely  granular  mass  which  shows  some- 
times a  concentric  lamellation.  In  the  centre  of  the  inner 
bulb  is  the  axis  cylinder,  the  myelin  sheath  having  been  lost  at 
its  entrance  into  the  organ.  The  axone  runs  out  to  end  quite 
free  at  tlie  upper  end  of  the  bulb,  usually  terminating  in  a 
alight  button-shaped  thickening.  These  structures  have  been 
studied  also  by  Kzymonowicz  with  the  m ethyl ene-blne  method. 

•Stamoni,   P.     Reclicrehes  crnnpsrativps  sur  Ips  orKaoPs  nerrMiS  termi- 
n&iis  <U-  Kiimiii.     .AnRt.  Anz..  Jt-nu.  Itil.  m  ilSM).  S.  6T1-«T«. 
.    f  Kniiisc,  W.    Die  t^miiiialmi  Kiir[im-hen  Jpr  einfsch  sensibleD  Nerrcn. 
nanover  (I860),  8ra 
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Hia  findingB  are  well  illustrated  in  Fig.  251,     The  end-bolbs  in 

the  conjunctiTS  where  Krauee  first  discovered  them  have  been 

described  by  Dogiel  {Fig.  252). 

Not  nnlike  these  simple  cylindrical  end-bulba  of  Krause, 

and  differing  from  them  in  reality  mainly  in  the  complexity  of 
the  capsule,  are  the  peculiar  cor- 
puscles variously  known  ae  the 
corpuscles  of  Vater,  of  Pacini, 
and  of  Herbst.*  The  general 
appearance  of  the  Pacinian  cor- 
puscle from  the  cat's  mesentery 
is  well  known  to  every  medical 
student,  since  it  forms  a  standard 


Fio.  2SI.— Enil  bultn  stained  by  Oie  metbylenc-blae  method.  (After  W. 
tteymoiiowicE.  Arch.  f.  luikr.  Anat.,  Buiiti.  fid.  xlv  1S95,  Tat.  iiiiji,  FigB.  I 
and  3. 1  a.  Hpinilly  twiiili-d  end  bulb  ;  the  axU  cyhiKler,  the  iDott  bulb,  sod 
the  dinnertivc-tiNiiur  layrrs  «ii  he  w-rii :  the  smsll  pieeP  un  the  right-hand 
Hide  Ivlovr  pmhehly  lielongs  to  a  aueond  end  balb.  6,  tt^rminal  torpustlu  eom- 
pueeA  uf  Hevrnil  end  hulha. 


h"7^I 


A.  S.  Doffiel,  Arch.  . 
3.)     n.  miiliillalod  n. 

dfniie  end  skein. 


object  for  study  in  every  histological  course.     The  corpuscle, 
large  enough  to  be  visible  to  the  naked  eye,  has  a  translucent 


Kfirper  unci  ihre  BedButang.    Efn  Beitrap 

.■faseru.    G5ttingen,  1846.  8vo. 


•  Herbst.  G.    Die  Pacinisehei 
nr  Kenntniss  der  Nervenpritnit 


394  THE  NERVOUS  SYSTEM. 

appearance.  The  fibrous  sheath  of  the  nerve  ia  eontinaous  with 
the  connective-tieaue  sheath  of  the  corpuscle,  the  latter  con- 
sisting of  from  twelve  to  fifteen  or  more  concentric  lamells. 
The  myelin  shcatli  passes  for  some  distance  into  the  organ,  but 
as  soon  as  the  nerve  fibre  has  reached  the  inner  bulb  the  myelin 
sheath  disappears  and  the  axis  cylinder  runs  naked  in  the  centre 
of  the  inner  bulb.  At  the  apex  of  the  bulb  the  nerve  fibre 
often  divides  into  several  processes,  all  of  which  run  out  to  end 
free  in  the  granular  substance  of  the  bulb.  Ehrlich's  method 
is  very  suitable  for  the  study  of  these  struotuTes,  as  Dogiel  * 
and  Kallius  f  huve  shown,  inasmuch  as  the  nerve  fibre  stains  of 
an  intense  blue  or  purplish  color,  while  the  granular  substance 
of  the  inner  bulb  stains  only  feebly  (Fig.  253).     Betzius  J  has 


FlO  S13  He  M  9  rpusclp;  M  tt  ylcne  blue  staining  (After  A  8  Donel, 
An  I  f  \iut  u  rfTsi  I  lAips.  tSHt  Aiut  Ablh  Taf  xt  Fik  II  )  The 
axiK  rvlin  li  r  1  uti  n»K  th  i  q  u")  II  A  I  nvkH  up  iiuddi.  th  Innpr  hulb  intn 
thn-c  I  mnrlifH,  cm  h  f  vhi  h  tLmnnutcs  fii  an  <  nd  knnb  in  the  corpuwlf  B 
■  ud    titi)t  iv  Riv  n   ff  Ml  thi.  luner  bulb  fnnu  th    uwln  Sbte  ftliu  t(  miinat 

stu<lied  them  also  by  using  Golgi's  method.  The  snrface  of 
the  terminal  fibre  shows  many  black  prickly  projections.  Sim- 
ple treatment  of  Pacinian  corpuscles  with  dilute  acetic  acid, 
however,  shows  practically  all  the  details  of  the  structure  (Fig. 
25i).  Pacinian  eorjiuseles  occur  in  the  skin  of  human  beings 
in  the  connective  tissue  near  joints,  in  periosteum,  on  ten- 
dons, and  in  the  connective  tissue  of  the  serous  membranes, 
pericardium,  pleura,  and  pcritdnienm. 


•  DoKJel,  A,  Dip  XprvpiiPniiiEungeti  in  TasikSriwrchen.  Arch,  f,  Anat. 
w.  riiTsiol.,  Anat.  Ahtli.,  Lcipz.,  .Ia]irf[.  (1801),  S.  191-192. 

t  Op.  tit. 

X  liftziHs,  0.  Dip  Paciiiiwhpn  Kiirppn-hcn  in  QnlgiKher  Flrbung. 
Biol,  riileivuch..  Stuckhulin.  n.  P.,  Bd.  vi  (1S04),  R.  OS. 
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, n  adult  rst ;  otnilied  fresh 

_>...     e  otpsnlen;  ri.  enilothcUal  rows  fiep»tatlng 

the  corpuMles:  n.  nprve  fibre  Imtintc  cnrpusrle ; /,  periDeurel  sheath  ;  n, 
centntl  maw  or  so-railed  inner  liiilh  n  lemiinal  fibre  -.  b,  piiiul  where  one 
of  the  bnnchcs  of  the  terminal  fibre  dividra  into  a  InriK  number  of  hranrhes 
which  (to  t»  form  onmenius  tenninal  hulgiiip'-  (After  L.  BHnvier.  TralW 
technique  d'histnlogie,  ParLi.  1HT5,  p.  923.  Fig.  309. ) 
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Ruffini  *  describes  a  modified  form  of  Vater's  corpuscle  in 
different  parts  of  the  body,  which  he  designates  the  "  Golgi- 
Mazzoni  corpuscle."  It  is  in  reality  the  same  corpascle  de- 
scribed by  Golgi  in  tendons  {inde  infra).  He  finds  that  the 
nerve  fibres  inside  these  bodies  divide  oftener  than  in  typical 
Pacinian  corpuscles,  although  they  always  end  free  in  flat  bulb- 
like expansions.  Kufiini  finds  them  not  only  on  tendons  but  in 
the  subcutaneous  connective  tissue  of  the  finger  tip  (Fig.  255). 
It  is  evident  that  Krause's  bulbs,  the  Vater-Pacinian  corpuscles, 
the  tendon-corpuscle  of  Golgi,  the  terminal  corpuscle  of 
Mazzoni, f  and  the  Golgi-Mazzoni  corpuscle  of  Ruffini  are  close- 
ly allied  varieties  of  nerve  endings.  In  the  same  group  are  prob- 
ably also  to  be  placed  some  of  the  so-called  genital  corpu8cIe8.| 
They  have  been  carefully  studied  with  the  methylene-blue 
method  by  Retzius.*  The  main  difference  between  them  and 
the  Pacinian  corpuscle  lies  in  the  fact  that  the  genital  corpuscle 
has  fewer  lamella?  in  its  connective-tissue  sheath  {vide  Figs. 
256-258).  These  bodies  have  teen  studied  in  human  beings 
and  in  the  mouse  by  Dogiel  ||  (Figs.  259-261). 


*  Uuflini,  A.  Di  una  particolare  reticella  nervosa  e  di  alcuni  corpuscoli 
del  Pacini  che  si  trovano  in  eoncessione  cogli  organi  muscolo  tendinoi  del 
gatto.  Atti  d.  r.  Accad.  d.  Liiicei,  An.  cclxxxix  (1892).  Serie  11.  Rendic 
CI.  di  sc.  fis.,  mat.  e  nat.,  Uoina,  vol.  i,  fasc.  13,  1  Semestr.  (1892),  pp.  542-646. 
— Siir  un  reticule  nerveux  special  et  sur  (juelques  corpuscles  de  Pacini  qui 
se  trouvent  en  connexion  avec  les  organes  musculo-tendineox  da  chat. 
Arch.  itnl.  de  biol.,  Turin,  t.  xviii  (1892),  pp.  101-105.— Also,  Sur  un  nouvel 
organe  nerveux  terminal  et  sur  la  presence  des  corpuscles  Golgi-Mazzoni 
dans  le  conjonctiv  sous-coutane  de  la  pulpe  des  doigts  de  Thomme.  Arch. 
ital.  de  biol..  Turin,  t.  xxi  (1894),  pp.  249-265.— Sopra  dui  speciali  modi  d'in- 
nervHzione  degli  organi  muscolo-tendinei  di  Golgi  con  riguardo  speciale  alia 
struttura  del  tendinetto  del  organo  niuscolo-tendineoedalla  maniera di  com- 
port arsi  delle  fibre  nervose  vasomotorie  nel  perimisio  del  gatto.  Monitors 
zool.  ital.,  Fireuze.  vol.  viii  (1897),  pp.  101-105. 

f  Mazzoni.  Osservazioni  microscopiche  sopra  i  cosidetti  corpuscoli  ter- 
minali  dei  tendini  dell*  uomo  e  sopra  alcune  particolari  piastre  nervoee 
superfieiali  che  si  trovano  nei  medisimi  tendini.  Mem.  Accad«  d.  8C  d.  Ist. 
di  Bol<»j:na.  S.  6.  vol.  1  (1891). 

X  WoUustkOrperchen  of  the  Germans. 

*  Retzius.  G.  Teber  die  Endigungsweise  der  Nerven  in  den  Genital- 
nervenknrperchen  der  Kaninchen.  Internat.  Monatschr.  f.  Anat.  u.  Physiol., 
Leipz..  Hd.  vii  (1H90).  S.  328-333. 

0  Dogiel,  A.  S.  Die  Nervenendigungen  in  der  Haut  der  aeuMeren 
Geniialorjjane  des  Menschen.  Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  zli  (1898), 
8.588-612. 
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Fin.  356. — Oi'Ditnl  iiFrvc  riirpuwip-i  from  rhp  mumus  mombnuw  of  the  cUtoiia  of 
llir  ralihit.  >tclhvk-iic-lilucHCaJDiiiK.  lAntrli.  Ri'lzia*.  Intenikt.  M onatMChT. 
f.  AiMt.  u.  Pbywol..  U'ipz.,  Bd.  vii,  isan,  Taf.  liv.  FigB.  1  and  >.) 
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Pio.  2ST. — Oenitsl  nerve  corpasrles  from  the  mucous  membrane  of  tbe  gUns 
— is  of  the  rabbiC    Meth]i1ene-bluc  Btaining.    |  After  Q.  Betraua,  Intenut. 
•    -"^r.  f.  Aunt.  u.  PbTeiol.,  Leipi.,  Bd.  vii,  1890,  Taf.  iv,  Fig.  IB.) 


FlQ.  S88. — Cion  wctlon  of  genital  nerve  corpusrlo  fVnm  the  elitoris  of  the  nibhit. 
FliatiOD  with  FlemmiiiR's  fluiil ;  htenutoiylin  stamiiig.  (After  G.  Retzius, 
Internat.  HoMtsHebr.  t.  Anut.  u.  Phyitiul.,  Leipz..  IM.  vii.  IHSO,  Tuf.  xv, 
Ftg.  18.) 
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A  peculiar  form  of  nerve  ending  hitherto  undescribcd  hu 
been  found  by  Dogiel  •  in  the  connective  tissae  of  the  comea. 
He  hae  made  out  in  thiB  situation  peculiar  free  terminals  in 
the  form  of  definite  end  platelets  He  describes  nerve  braiichea 
which  run  more  or  less  parallel  to  the  margin  of  the  comea 
sometimes  in  radial  directions  toward  the  centre  of  this  struc 
ture      At  their  extremities  are   found  flat  qaadrangnlar  or 


Fni.  ain.— OptiitHi 


pu.'H'li'n  fnim  hiimnii  Klaia  penis,  a,  ihealh  nf  • 
[i-iii ;  0.  HiK'iiiii  iiT  roriniM'lt'  willi  niicli-i  of  flal  ceiin  in  mme  ;  r,  aiix 
rMifiii'rvi'  tilircK  whicli  bmiii'h  iiu^iili'  the  inner  bulb  uT  the  COtpUiacli:. 
A.  1^.  Dugit't.  Anil.  r.  niikr.  Aunt.,  Bunn,  Bil.  xii,  1803,  Tkf.  luii. 


irrettularly  rouniled  end-platolets,  some  of  which  show  c 
itics  and  indentations,  with  uneven  and  jagged  borders  (Fig. 
202).  The  size  of  the  individual  platelets  varies  much.  They 
never  contain  nueloi,  and  thej  sometimes  resemble  closely  the 
corneal  eella,  but  in  reality  have  no  connection  with  the  latter. 
It  is  not  imi>()Si)ib]e,  as  Kallius  points  out,  that  the  older  ideas 
of  Kiiline,  AValdeyor,  Iz(|uierdo,  and  others,  concerning  the  ini- 

*  Dogiel,  A.  S.  Die  Xerven  livr  ('omen  <lcs  Menschen.  Anat.  Anx., 
Jena,  IJ.l.  v  (l^X)),  S.  483-4M.— I>ic  XprvfiuTiUkorperthen  (Endkolben,  W. 
Krausut  in  <ler  Cornea  nnd  C'onjuiictivR  Imlbi  dcs  Menschen.  Arch.  t.  tnikr. 
Anat.,  Bcinn,  BU.  iixvii  (1801),  S.  G02-8HJ. 
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mediate  connection  betveen  nerves  and  the  protoplasm  of  the 
connectiTe-tiseue  cells  of  the  cornea,  may  thna  be  explained. 


Figs.  6  and  T,  aod  'Hif.  i 
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The  enormous  number  of  nerve  fibres  which  have  been  de- 
scribed in  the  connective  tissue  of  the  mucous  membntDe  of 
the  stomach  and  intestine  by  Erik 
Muller,  Berkley,  Bam6n  y  Cajal,  and 
others,  are  thought  by  many  to  be 
mainly  motor  for  the  innervation  of 
smooth  muscle,  and  secretory  for  the 
innervation  of  glands.  There  can 
be  but  little  doubt,  however,  that 
among  these  are  many  fibres  which 
carry  centripetal  impulses.  They 
have  been  studied  with  the  method 
of  (lolgi,  and  also  with  the  method 
of  Ehrlich. 

The  nerve  endings  in  the  menin- 
ges of  the  brain  in  animals  have  been 
investigated  recently  by  D'Abnndo  * 
and  Jacques,!  ^^o  ^^^  that  both 
the  spinal  and  cerebral  dura  mater 
is  rich  in  nerves,  particularly  in  non- 
■nd  'aiuong'tiio  meduUated  fibres.  With  the  methy- 
««,e..  «,vn.  .,  .mJr.  «im.'  Icn^blue  method  free  end-arboriw- 
Bonn  Bii.  Ill,  1B93,  Tut  tlons  and  pencil-like  nerve  endines 
arc  to  be  made  out  inside  the  bun- 
dles of  connective  tissue.  Acquiato  and  Pusateri  J  hare  since 
studied  the  endings  in  the  human  cerebral  dura  mater,  and 
describe  and  figure,  in  addition  to  vaso-motor  filaments,  endings 
which  are  probably  those  of  centripetally  conducting  nerves. 
They  suggest  the  hypothesis  that  variations  in  the  pressure  of 
the  cerebrospinal  liuid  may  by  means  of  these  lead  to  reflex 
vaso-motor  phenomena.  If  this  idea  be  found  later  to  corre- 
spond with  the  facts,  the  nerve  endings  of  the  dura  mater  most 
subserve  physiological  functions  of  no  mean  significance. 


Flo.  261.— End  Imlh  from  kIhih 
peniH  u(  H  whit«  ninuw.  't 
medullHtt^l  Bvrvv  fibtVEt,  tin 
Bxiacfllniieniof  n'hich  pnd  iti 
mervewktiii.  From  the  skcii 
B  fine  nervf  fibri'  c. 
Kuing  out  I 
i-plthrlinl  t 
DiiffiFl,  Aifh.  f.  iiiikr.  i 


•  D'Almiidu.  I,a  iniiervazioiio  della  dura  madre  cerebrsla.  Commimi- 
L'nzione  falta  alia  $ocieta.     Rifonna  nied.,  Annii  i.  No.  42  (1884). 

f  Jacquois  P.  Note  sur  rinncrvalion  de  la  dure-mere  c£r£brof[riDale  chez 
les  niamrniferes.  J.  de  I'niiat.  ct  phrsinl.  [etc.],  Par.,  t.  xzxi  (1805).  pp. 
59G-60». 

t  Ai'i|nisto.  v.,  ed  E.  Ihi^lpri.  SuUe  term  in  alio  ni  nervow  oella  dura, 
madrf  cerubrale  rkdl'  iiomo.  Riv,  i]i  patol.  nerv.,  Firenze,  vol.  i  (18M),  pp. 
267-370. 
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<\  (iiili:i.  l*^"^!).  <i(*<iiiiiniltr  riitcrMirliuiiKt'ii.  .Icim.  iHfM.  TUf.  xxix.  V\k.  4.) 
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The  sensory  nerve  endings  in  tendons  since  they  were  de- 
scribed by  Golgi*  in  1878  have  been  the  object  of  many 
researches.  According  to  Golgi,  they  form  true  terminal 
plaques,  from  two  to  thirty  of  these  plaques  making  up  a  single 
corpuscle  (Fig.  263).  He  found  them  in  voluntary  muscles 
located  at  the  junction  of  the  muscle  fibres  with  the  tendon. 
The  whole  corpuscle,  as  described  by  Golgi,  is  fusiform,  and  is 
situated  on  the  surface  of  the  tendon,  being  formed  of  granular 
substance,  and  possessing  an  envelope  of  several  hyaline  con- 
centric layers,  in  which  are  imbedded  a  certain  number  of 
nuclei.  The  nerve  fibres  on  entering  the  corpuscle  lose  their 
neurilemma,  but  at  first  retain  their  myelin  sheaths,  dividing 
into  two  or  three  meduUated  fibres,  each  of  which  then  gives 
rise  to  a  true  end-arborization  of  naked  nerve  fibrils.  Each 
corpuscle  receives  at  least  one  nerve  fibre,  though  usually  at 
least  four  or  five  pass  to  it. 

Very  extensive  studies  of  the  endings  of  nerves  in  tendons 
have  been  made  since  by  Ciaccio.f  He  has  examined  the  ten- 
dons in  several  classes  of  vertebrates  as  well  as  in  human  beings, 
and  finds  similar  relations  in  all  (Figs.  264-267).  The  nerves 
entering  the  tendons  divide,  according  to  Ciaccio,  into  several 
branches,  the  individual  fibres  running  in  between  the  ten- 
don bundles.  On  their  way  they  lose  their  myelin  sheaths, 
and  the  connective-tissue  sheaths  fuse  with  the  connective  tis- 
sue of  the  tendon  bundles.  As  the  fibres  pass  on,  they  divide 
repeatedly,  and  finally  end  free  with  small  varicose  bulgings, 
surrounding  the  tendon  bundles,  in  the  form  of  spirals  or  rings. 
The  structures  described  by  many  as  nuclei  in  these  endings, 
Ciaccio  feels  sure,  are  nothing  more  than  peculiar  nodosities  of 


♦  Golgi,  C.  Ueber  die  Nerven  der  Sehnen  des  Menschen  und  anderer 
Wirbeltiere  und  ueber  ein  neues  nervoses  muscuIo-tendin5ses  Endorgan. 
Untersucbungen  ueber  den  feineren  Bau  des  centralen  und  peripherischen 
Nervensysteras.    Uebers.  v.  R.  Teus<5her.,  Jena  (1894),  S.  203-216. 

t  Ciaccio,  G.  V.  Intorno  alle  piastre  nervose  finali  ne*tendini  de*Verte- 
brati ;  nuove  investigazioni  microscop.  Mem.  Accad.  d.  sc.  d.  1st.  di  Bo- 
logna, 1889,  4  8.,  vol.  X  (1890),  pp.  301-324. — Sur  les  plaques  nerveuses  finales 
dans  les  tendons  des  vertebras.  Nou  velles  recherches  microscopiques  [Transl.]. 
J.  de  microg..  Par.,  t.  xiv  (1890),  172 ;  201 ;  234. — Nuove  investigazioni  ini- 
croscopicbe  intorno  alle  piastre  nervose  finale  sui  tendini  delle  5  class!  di 
vertebrati.  Rendic.  Accad.  d.  sc.  d.  1st.  di  Bologna  (1890-'91),  pp.  19-20. — 
Sur  les  plaques  nerveuses  finales  dans  les  tendons  des  vertebrcs.  Arch,  ital 
de  biol.,  Turin,  t.  xiv  (1890),  pp.  31-57. 
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Fl<i.  2ftl.— Tonilinciiis  oxpnnsiitn  of  one  of  thp  luuwItH  of  nun.  (After  G.  V. 
Ciuc'io,  An'h.  ital.  ill-  hioL,  t.  xiv,  IHUl.  |i1.  i.  Fir.  1.  >  lArge  teiminal  nnr* 
I>liif|iie  niiunnwd  of  wvi'IhI  |Hirtl<iiM.  cqiinl  in  iiunibor  to  tbe  brancW  intn 
ivhirh  tile  iflim  nbirh  nivea  riiie  to  tliv  jiliimii' ■livi<lu),  Loewit'B  gold  method. 
tifgp.  fusiform  thU'kiiiliiK  of  thpiwrhii'unilHhrath;  ifg.  fyuifano  ttkkenins 
iif  tbe  miilullatM  nern-  fihrr  innide;  Ifgt.  nliiibt  ninunaity  of  fttdfono  thick- 
ening of  DITTO  fibre ;  tt|>.  pvrinenrkl  sheath ;  r/nn,  bimncblDg  ot  tbe  ud* 
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the  nerve  fibres.  He  denies  definite  encapsolstion  with  con- 
nective tissae,  snch  as  Golgi  described,  and  further  lays  stress  on 
the  relation  of  the  ending  to  the  tendons  proper,  independent 


Fio.  867.— Tendii 


of  the  motor  rauMlea  of  thp  eye  of  al 


muaculo-tendini 

toward  the  lower  o^tri'initv  li; 

of  Qolgi  hu  ita  own  ultininU'  nt^rve  plaque.    These  t' 

the  IxAilike  and  ringliku  undiugs. 
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of  the  muscles,  a  view  iigain  in  contradiction  to  that  of  Golgi. 
The  endings  always  lie  inside  the  tendons,  apparently  never  on 


Fin,  'Jns.— A,  scQwiry  iii'n'c  onilhit;  fruni  fxn'anliuui  of  upper  hmlf  of  len*trilim 
n(  tlio  )ii-nrl  nf  tli<-  emy  rjt.  B  niiil  C,  wiioiry  utrvt  podinsB  from  the  endo- 
<-nnlJiiiii  ..r  llic  <!.«.  (AftiT  A.  Suiirtiuvr.  Aiiat.  Anz..  Jena,  Bd.  i,  ISSB.  8. 
7«,  FisK.  a.  4,  B. ) 

thoir  sheaths.     Ciaocio  calls  them  plaquex  tendineuxM  avec  ter- 
■minaixon  buisnotmeune  des  ner/n  »  spirals  o\ 
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we  have  said,  these  endings  of  Oolgi,  Ciaccio,  and  Mazzoni  are 
probably  closely  allied  to  Pacinian  corpuscles. 

As  to  the  endings  of  nerves  inside  the  interstitial  connective 
tissue  of  organs  we  have  data  concerning  the  heart,  lungs,  and 
certain  parts  of  the  eye.  The  sensory  nerre  endings  in  the 
endocardium  of  the  auricles  and  ventricles,  as  well  as  the 
auric ulo-ventricular  valves  and  the  chordte  tendinese  of  amphib- 
ians and  mammals,  have  been  studied  by  Smimow,*  who  has 
also  attempted  to  make  out  the  alterations  in  the  endings  after 
section  of  the  nerves  to  which  they  correspond  (Fig.  268).  The 
nerve  endings  in   the  lung  have  been   examined  by  Berkley, 


Pio.  289.— Nerre  endings  in  the  lunK  of  the  rniR ;  large  skein  witli  entering 
medullated  nerve  fibre  {b)  and  two  tlirvadg  leaving  the  Hkuiii  a.  (Alter  A. 
Smimuw.  Anat.  Auz.,  Jena,  Bd.  iii,  ISSS,  S.  as»,  Fig.  S.) 

Cuccati,!  and  Smimow  I  {Fig.  269).  The  endings  here  in  the 
connective  tissue  are  not  unlike  those  found  in  that  of  the 
heart. 

Melkich*  has  studied  the  free  endings  of  sensory  nerves 
in  the  connective  tissue  in  the  iris  of  birds  by  Ehrlich's  method 
and  finds  two  varieties  of  nerve  endings  in  this  region :  On  the 
posterior  surface  of  the  iris  a  plexus  of  very  fine  nerve  fibres 
which,  after  manifold  division  and  interlacing,  end  free,  never 
forming  anastomoses.      The  other  variety,  situated  near  the 

*  Smimow,  A.  Ueber  die  sensiblen  Nerve nendigungen  im  Herzen  bei 
Amphibion  nnd  SftugeUeren.    Anat.  Anz.,  Jena.  Bd.  s  (1895).  S.  733-749. 

f  Cuccsti,  G.  Intomo  ti  modo  oode  i  nervi  »i  distribuiscono  e  lerminkni 
nei  polmoni  e  nei  mnscoli  oddominali  det  Triton  cristatus.  Internat.  Mo- 
natschr.  t  Anat  n.  Physiol.,  Leipz..  Bd.  vi  (1889).  S.  237-346.  AIsk)  Bull, 
d.  BC.  mod.  di  Bologna,  6.  s..  vol.  xxiii  (1889).  pp.  304-307. 

t  Smimow,  A.  Ueber  Nervenendkn^iiel  in  der  Froschlunge.  Anst.  Anz., 
Jen*,  Bd.  iii  (188ff),  S.  258-261. 

•  Helkioh.  Zur  Kenntniss  des  CiliarkSrpers  und  der  Iris  bei  Vogeln, 
mitgetheilt  von  Prof.  Amatein.     Anat.  Anz..  Jena,  Bd.  i  (1895),  S  28-3S. 
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muscle  fibres  of  the  iris,  arises  from  the  division  of  medallated 
nerve  fibres  which  form  free  nerve  endings  after  repeated  den- 
dritic subdivisions  (Fig.  270).  He  does  not  think  that  thev 
are  motor  fibres,  but  believes  that  they  represent  the  sensor}* 
element  in  accommodation,  the  first  variety,  according  to  his 

B 


A 


Fig.  270.— S<'nsory  nervo  cndinf^  in  the  ciliary  body  of  birds.  (After  Melkich, 
Anat.  Anz..  Jciin,  Hd.  x,  1895,  S.  30,  FigH.  2  and  3.)  A,  sensory  end  arburiia- 
tion  fn»ni  tlu*  ciliary  body  near  the  elastic  rinff;  a,  nicduUated  nerve  fibre; 
B,  tendril-like  nerve  endings  in  c<»nnection  with  the  mcdallated  nerve  fibre 
which  arisi'K  din>ctly  from  a  ner\'e  trunk.  At  a  are  seen  some  granaliir 
plates. 

idea,  carr3ring  impulses  concerned  in  pain  sensations.  Very 
similar  nerve  endings  have  been  described  in  the  connective 
tissue  of  the  ciliary  body  in  the  eye  of  the  cat  and  of  man  by 
Agababow*  (Fig.  271). 

Turning  now  to  the  sensory  nerve  endings  in  voluntary^ 
cardiac,  and  involuntary  muscles,  the  former  may  first  be  de- 
scribed. In  addition  to  Pacinian  corpuscles  and  end  bulbs, 
not  unlike  those  described  by  Krause  in  the  conjunctiva,  which 
occur  in  considerable  numbers  in  the  muscles  (Eerschner)  and 
the  nrgani  musruli'tendinei  of  (^olgi,  above  referred  to,  the 
principal  ending  believed  to  be  sensory  in  voluntary  muBcle  ia 
the  so-called  muscle  spindle  (Ki'ihne,  Forster)  f  or  nearo-mos- 

*  A;j:a>>abow,  A.     Die  Innervation  des  CMliark^rpers.    Anat.  Am.,  Jena^ 

\^i^.  viii  (i8j)2-'flm.  s.  r)r)r)-,5r.i. 

f  Forster.  Laura.     Zur  Kenntniss  der  Muskelspindeln.    Arch.  f.  path. 
Anat.,  etc.,  licrl..  Bd.  cxxxvii  (1894),  S.  121-154. 
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cular  bundle  (Roth).  These  organs  were  first  seen  in  the  frog  in 
18G1  by  Weissmann,  who  thought  them  to  be  definite  organs 
inside  the  muscle.  They  have  since  been  studied  and  described 
by  a  whole  series  of  observers  in  many  different  animals  as  well 
as  in  human  beings.  Kiihne,  who  introduced  the  term  "  muscle 
spindle,"  described  a  special  form  of  the  structure  in  reptiles. 
Many  authorities,  among  whom  may  be  mentioned  Eisenlohr, 
Babinski,  and  Fraenkel,  have  studied  them  in  diseased  muscle 
and  thought  them  to  be  pathological  phenomena.  In  1878 
Ranvier  expressed  the  view  that  they  represented  an  especial 
physiological  mechanism  standing  in  a  definite  relation  to 
the  nervous  system,  a  view  which  has  been  accepted  by  Roth, 
Kerschner,*  Christomanos  and  Strossner,  Laura  Forster,  and 
in  fact  by  the  majority  of  recent  investigators. 


Fio.  271. — Nerve  endings  in  ciliary  body  demonstrated  by  the  method  of  Golgi. 
(After  A.  Agabalww,  Anat.  Anz.,  Jena,  Bd.  viii,  1893,  S.  558,  Fig.  2.)  The 
figure  shows  a  delicate  nerve  stem  which  breaks  up  into  single  nerve  fibres, 
which  in  turn  run  out  to  form  end  arl>orizatious  which  lie  at  different  depths 
in  the  tissue. 

The  muscle  spindles  consist  of  long,  narrow,  hollow  struc- 
tures, containing  within  them  striped  muscle  fibres,  blood  ves- 
sels, connective  tissue,  and  meduUated  nerve  fibres.  The  open- 
ings at  the  ends  are  partially  closed  by  bundles  of  muscle  fibres. 


*  Kerschner,  L.  Ueber  Muskelspindeln.  Verhandl.  d.  anat.  Gesellsch.. 
Jena,  Bd.  vi  (1892),  S.  85-89.— Bemerkungen  ueber  ein  besonderes  Muskel- 
svstem  im  willktlrlichen  Muskel.  Anat.  Anz..  Jena,  Bd.  iii  (1888),  S.  126- 
132. — Beitra^  zur  Kenntniss  der  sensiblen  Endorgane.  Anat.  Anz..  Jena, 
Bd.  iii  (1888),  a  288-206.— Ueber  die  Fortschritte  in  der  Krkenntniss  der 
Muskelspindeln.  Anat.  Anz.,  Jena.  Bd.  viii  (1892-*93),  S.  449-458.— Bemer- 
kungen zu  Herm  Dr.  Anpelo  RuflRni's  Aufsatz:  Considerazioni  critiche  sui 
recenti  studi  delK  apparato  nervoso  nei  fusi  muscolari.  Anat.  Anz.,  Jena, 
Bd.  ix  (1893-'94).  S.  553-562. 


THK  NERVOUS  SYSTEM. 


ycBsele,  nerves,  and  connective  tianuo.  The  whole  mnaa  of 
Btrnctures  inclosed  in  u  comnioji  sheath  is  conBiderably  wider 
in  the  middle  than  at  the  end. 
Lymph  interspaces  exist  through- 
out the  spindle,  while  through  the 
centre  of  it  runs  a  lymph  space  of 
considerable  size.  The  sheath  cor- 
responds in  character  to  the  peri- 
neuriitm  of  a  peripheral  nerve.  At 
the  ends  of  the  spindle  it  is  thin, 
but  it  increases  in  thickness  to- 
ward the  widened  parts.  The  nnm- 
ber  of  striped  muscle  fibres  present 
in  u  single  spindle  varies  in  its  dif- 
ferent part^.  They  are  usually 
fewer  at  the  ends,  where  the  fibres 
are  also  finer,  more  numerous  in 
t)ie  middle  of  the  spindle,  where  the 
individual  fibres  are  also  thicker. 
The  fibres  are  beautifully  striated, 
as  one  can  easily  make  out  in  longi- 
tudinal sections.  The  nerve  fibres, 
like  the  muscle  fibres,  vary  in  num- 
bers at  different  levels  in  the  spin- 
dle. Forster*  found  eleven  mus- 
cle fibres  and  six  nerve  fibres  in  a 
cross  section  of  one  spindle,  and  in 
tliut  of  another  ten  muscle  fibres 
and  eight  nerve  fibres. 

The  nerves  enter  the  spindle  in 
different  pirts  of  its  course,  pene- 


-Jluw'Ulnr  Kpiiullc  IViim  hivoiiib 
iriiiH.  (AfU-r  R  Tiinchi-w.  Hvm. 
il.  at:  d.  1st.  di  Bdugiia,  4.  ■.. 
.  _  W-W),  Ki([.  7.)  a,  Khcath  of  the 
H'lc  Hulndlc  :  n.  mil  cyliadrr  pem^ 
tiiix  tno  iiitfTDtivlntr  pnAoplaim  :  ly, 
>tlii-T  iixiK  I'vlimli-r  nttoring  Ilie  iuter- 
'liiir  |in)tu|iuit(m ;  re,  liTge  axis  cj-Iin- 
:  I'll.  'f.  axiK  rylindrr  penrtimtins  the 
'riiii<']<'ur|irutii|iluin;  it,  axb  CTlTiHler 
niri'iim  di'iitliA  i>f  the  intemuc1(ar  pro- 
1:i>iii  ;  /,  iiiii'Ici  nf  the  nmirl**. 
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trating  the  nbeatb  after  running  a  short  distance  in  it.  They 
are  often  accompanied  by  blood  veBaels,  wbich  are  prcBcnt  not 
only  in  the  capsule,  but  also  inside  the  neuro-muscular  bun- 
dle. The  muscle  and  nerve  fibres  inside  are  separated  from 
one  another  by  strands  of  white  fibrous  connective  tissue.  Be- 
tween the  sheath  and  its  contents  is  situated  a  peripheral  lymph 
space  through  which  a  few  single  fibres  run. 

The  number  of  spindles  in  a  single  muscle  is  very  large ;  as 
many  as  thirteen  have  been  counted  in  one  cross  section  through 
the  genioglossus  muscle.  They  may  be  situated  in  the  various 
parts  of  the  muscle  itself,  in  the  external  perimysium,  partly  in 
the  tendon  and  partly  in  the  muscle,  or  they  may  be  wholly  sur- 
rounded by  tendon.  The  bodies  are  especially  easy  to  demon- 
strate in  cases  of  muscular  atrophy  in  human  beings,  and  they 
have  already  been  studied  and  described  in  a  large  number  of 
such  cases.*  Spillerf  baa  recently  reviewed  the  bibliography  of 
the  subject,  and  hia  paper  is  accompanied  by  an  excellent  illus- 
tration. As  to  the  sensory  nature  of  the  spindles  there  can  be 
no  longer  much  doubt,  for  when  the  motor  nerve  fibres  supply- 
ing the  voluntary  muscles  have  undergone  almost  complete 
degeneration  as  a  result  of  diseaae  of  the  lower  motor  neurones, 
the  majority  of  the  nerves  in  these  structures  may  remain  nor- 
mal. Sherrington!  proved  by  physiological  experiment  that 
the  spindles  are  connected  with  the  sensory  roots  of  the  nerves. 
While  it  is  true  that  motor  nerve  terminals  have  been  occa- 
sionally found  in  the  muscle  fibres  inside  these  bodies,"  the 
majority  of  nerve  endings  which  have  been  thus  far  demonstrated 
are  of  the  sensory  type.     In  1889  Trinchese  \  gave  a  good  illus- 


*  [lorsley,  V.  Short  Note  i>n  Sense  Orgnna  in  Muscle  and  on  the  Pres- 
erration  ot  Muscle  S|>in<l]c8  in  Coiulitions  of  Extreme  Muscular  Atrophf. 
foilowin^  Section  of  the  Motor  Nerve.     Brain.  Und.,  vol.  ii  (1897),  p.  375. 

tSpiller,  W.  G.  The  Xeuro-MuM^ular  Bundles  (Muskel-Knospen.  Mus- 
kelspindeln.  taisceaux  neuro-mnsculaires).  .T.  Nerv.  and  Ment.  Dia.,  N.  Y., 
vol.  ixiv  (1807).  pp.  626-630. 

t  RherrinBton,  C.  S.  On  the  .Vnatoniical  Constitution  of  Nerves  of 
Skeletal  Miisriea:  with  Remarks  on  Recurrent  Fibres  in  the  Ventral  S|nn«l 
N'erve-Rool.    J.  Physiol,,  Cambridge,  vol.  svii  (18B4),  pp.  ail-aw. 

•  Kerschner.  L.     Op.  rit..  Anat.  Anz..  Jena.  1888.  S.  2fl5. 

I  Trinehese.  S.  Contrilmiinne  alia  conoseenza  dei  fusi  muicolari.  Mem. 
r.  Aeoa<l.  d.  sc..  d.  1st.  di  Bologna.  4.  s..  vol.  x.  1889  [1900],  pp.  715-72.'i. 
Also  Transl.:  Contribulion  1  1ft  oonnaissance  des  fiiseaiix  musculaires. 
Arch.  ital.  de  biol.,  Turin  (ISOO-'tll).  t.  liv,  pp.  22I-2.tO. 
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tration  of  thcae  structures  (Fig.  372).  Excellent  demoDBtra- 
tions  have  been  given  by  Knffini.*  He  finds  elaborate  Bensorr 
cndiugs  resulting  from  the  manifold  aubdivision  of  the  biU 
cylinders  of  the  nerve  fibres  inside  the  spindles.  He  dietin- 
giiishes  three  varieties  of  these  endings:  terminaisans  A  an- 
neaux,  where  the  nerves  surround  the  muscle  fibres  in  rings; 
terminnisons  a  spiralen,  where  they  go  around  them  in  a  spiral 
fashion ;  and  terminnisons  ^  Jleurg,  where  they  end  upon  thein 
with  complicated  dendritic  branchings  (Figs.  S73  and  2?4). 


rldlp  Ihinl  nf  ii  tiTtiiJiml  iiliuiiii'  iii  Ihc  mUHclo  niiiidle  of  an  mdalt 
ruT  A.  Ituniiii.  Anh.  ital.  ilt-  incil-  Tiiriii.  t.  xviii,  18M,  p.  108.  Hn 
inili>:  .1.  Hiikh:  F.  dciidrith'  hnim-liiiiKN.    ChlDride-of-fold  prepan- 


Ilubcr,  of  Ann  Arbor,  lias  recently  studied  these  stmctures 
with  tlie  mcthylene-hlue  method,  and  has  succeeded  in  obtain- 
ing exquisite  pictnrrs  of  the  nerve  endings  even  to  their  nlti- 


*  [tiitTiiLi.  A.  Siilta  tcriTiiniixintic  iii-rvosa  iici  fusi  inuscolari  ■  buI  Ioto 
ciiniificRto  flsinlnjiii'u.  XotH  pn-vciitiva.  Attj  il.  r.  Accad.  d.  Lincei.  CI. 
<li  ST.  Ij.*..  Hint.  i>  nnt..  Knniii.  2.  s..  vul.  i.  1H93. — Sur  la  termination  nerreui 
iliins  )i'»ruisi'i-iiiix  imiscutNin-soi  sur  leur  sijniificHtion  physiolopqiie.  Arch. 
ital.  .Ip  liinl..  Turin.  I.  xviii  (l«Ba),  tip.  106-114.— ConBideruinni  critiche  «ni 
m'riiti  stiirli  ik'11' npiiiimlii  iktviih)  iifi  tu»i  miisralari.  Anat.  Ana.,  Jena. 
W.  ix  (1H!K<-'!U|,  S.  H0-KK.^Sul1iL  (itia  amttoniiii  dci  tuei  neuro-miucolari 
del  eatli.  p  sill  Inr.i  >in;iiilii>alii  fisiiilogJL'it.  Moiiitore  xool.  itaL,  FinnM,  vol, 
vii  (l^lXl).  I'l'-  4U-.V2. 
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mate  termination  (Fig.  275).     Thanks  to  his  courtesy,  I  have 
had  the  opportunity  of  examining   his   specimens,  and  have 


Fig.  274. — A  striped  mii5^*le  fibre  in  a  huuian  muscle  spiiulle  with  termmai»onfi  'i 
fieurs.  (After  A.  Kuitiiii.  Areli.  ital.  de  biol.,  Turin,  t.  xviii,  18»3,  p.  Ill, 
Fig.  2. )  R,  terminal  enlargements  of  the  axis  cylinder.  Chloride-of-gold 
preparation. 

been  much  surprised  at  the  complexity  of  the  endings.  His 
results,  together  with  plates  and  a  very  complete  bibliography, 
have  been  embodied  in  a  recent  paper  by  himself  and  Mrs.  De 
Witt.*  The  method  of  Sihler  f  is  also  of  great  service  in  dem- 
onstrating the  muscle  spindles.  To  succeed  with  the  method 
some  care  has  to  be  taken  in  teasing  out  the  preparation.  I 
have  had  the  good  fortune  to  see  some  of  Sihler's  preparations, 
and  can  speak  in  high  terms  of  his  method.  The  contrast  be- 
tween the  large  calibre  of  the  sensory  fibres  going  to  these  struc- 


♦  Iluber,  G.  C,  and  Lydia  M.  A.  De  Witt.  A  Contribution  on  the  Motor 
Nerve  Endings  and  on  the  Nerve  Endings  in  the  Muscle  Spindles.  J.  Comp. 
Neurol..  Granville,  vol.  vii  (1898),  pp.  1 09-280. 

t  Sihler,  C.  Ueber  eine  leichte  und  sichere  Methode  die  Nervenendiguiig 
an  Muskelfasern  und  Geffissen  nachzuweisen.  Arch.  f.  Anat.  n.  Phvsiol., 
Physiol.  Abth..  Leipz.  (1895),  S.  202.— Ueber  Muskelspindeln  und  intra- 
iDuskul&re  Nervenendignngen  \m  Schlangen  und  FnSschen.  Arch.  f.  mikr. 
Anat.,  Bonn,  Bd.  xlvi  (1895),  S.  709-723.— A  description  of  a  simple  and  re- 
liable method  to  trace  the  nerves  in  the  muscle.  Cleveland  M.  Gaz..  vol.  x 
<1894-'95).  pp.  255-264.  Also,  Am.  Month.  Micr.  J.,  Wash.,  vol.  xvi  (1895), 
pp.  172-182. — The  sensory  end-organs  of  voluntary  muscle.  Cleveland  M. 
Gaz.,  vol.  xi  (1895-*96),  pp.  595-(>00. 
28 
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tures  and  the  much  smaller  calibre  of  the  ordinary  motor  nerra 
fibres  of  muscle  was  very  striking. 


Flo.  ars.— MuBCle  Hpinillc  fn>ni  intrinsic  planti 

Hiibtr  utiiI  Lydm  D.-  Witt.  J.  (Ump.  Ni-urol 

Fig.  36. 1    %,  n„  KfDiiMthctii:  vanonioliir  Bbrc. 

The  whole  mnke-up  of  the  muscle  spindle  or  nenro-m oscular 
bundle  impresses  one  as  a  structure  especially  adapted  as  a  aenae 
organ  to  give  information  concerning  various  states  of  tension 
in  the  muscle.  Contraction  of  the  muscles  in  which  they  are 
situated  must  necessarily  lead  to  alterations  in  the  pressure  of 
the  lymph  inside  them,  and  I  am  inclined  to  agree  with  those 
observers  who  assign  to  them  an  important  function  in  con- 
nection with  muscular  sense.  The  subject  is,  however,  still 
obscure,  and  the  last  word  concerning  them  haa  by  no  means 
yet  been  said.  Renewed  attention  is  being  paid  to  them  just 
now  ity  the  neuro-pathologista.  I  need  only  refer  to  the  care- 
ful atiulies  of  Batten  •  and  liriiubuum.f 

The  nerve  endings  in  the  heart  mnscle  have  been  studied 
by  Berkley,  t  Dogiel  and  Tuniarzcw,"  lleymans  and  Demoor,| 


•  IlaLtcn,  F.  E.  The  .Musck-  Spiinllc  undtr  Pathological  Conditions. 
Brain.  Unil.,  vol.  \s  (18UT|.  pp.  138-170. 

f  tirllnbaum,  A.  S.  Sate  on  Muscle  Spiiullcs  in  Pseudo-Hjpertrophic 
I'Hrnlysis.     Brain,  Loud.,  vol.  xz  (ISflT).  pp.  385-367. 

t  itcrklcy,  H.  J.  On  Coinploi  Xerve  Terminations  and  GMglion  Cells  in 
the  Muscular  Tissue  uf  the  Heart  Vrnlricte.  Anot  Ant.,  Jens,  Bd.  ix 
(ll^tKf-'W).  S.  33-42. 

"  Itogiel,  J.,  a.  Tiimnrzew.  Contrii.iution  to  the  Compantive  ADatomy  anil 
PhTsii>logy  of  the  Heart.  IRiissiaul  ^ledycyne,  Kosan  (1898),  Xos.  48  and 
47.  Abstract  in  Merkcl- Bonnet's  ?:rt.t'bni»<e  der  Anat.,  Bd.lv  (18M),  S.SW; 
uImi  Iliigiel.  A.  S.  Die  scnsiblvn  Nerve iiendigungen  im  Henen  und  in  dea 
Blui)rcr(l>isi'n  der  Sailecthiere.  Arch.  f.  niikr.  Anat.,  Bonn,  Bd.  lii  (1898). 
S.  44-70. 

I  llcynians,  J.  P..  el  [.,  Deniour.    £)lude  dc  I'innervation  do  oour  des 
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Jacques,*  and  Huber  and  De  Witt.  Whether  or  not  the  com- 
plex feltwork  of  fibres  which  these  investigators  find  through- 
out the  organ  have  to  do  with  the  mediation  of  centripetal  im- 
pulses or  whether  they  are  concerned  wholly  with  the  carrying 
of  motor  impulses  to  the  heart  muscle  fibres  has  not  yet  been 
determined.  The  fibres  in  Fig.  276  are  believed  by  Huber  and 
De  Witt  to  be  motor. f  Similar  doubt  exists  concerning  the  na- 
ture of  nerve  endings  in  smooth  muscle  ;  enormous  numbers  of 
fine  fibrils  have  been  found  in  smooth  muscle  membranes,  and 
their  exact  relation  to  the  fibres  has  in  some  cases  been  care- 
fully studied  ;  but  how  many  of  these  are  motor  and  how  many 
of  them  are  sensory,  remains  for  further  investigation  to  deter- 
mine. Certain  it  is  that  the  walls  of  tubes  which  have  smooth 
muscle  coats  are  well  supplied  with  sensory  nerves.    To  make 


Fi(».  276. — Surface  view  of  cardiac  muscle  cells  with  nerve  endings.    (After  G.  C. 
Huber  and  Lydia  I>e  Witt,  J.  Comp.  Neurol.,  Granville,  vol.  vii,  1898,  pi.  xiv. ) 

this  clear  I  have  only  to  mention  the  intestine,  the  bile  duct, 
the  ureter,  the  bladder,  the  uterus,  and  the  blood-vessels.  In- 
testinal colic,  biliary  and  renal  colic,  are  accompanied  by  a  vari- 


vertebr^s  k  Taide  de  la  raethode  de  Golgi.  Mem.  couron.  Acad.  roy.  de  m6d. 
de  Belg.,  Brux.,  t.  xiii  (1894). 

*  Jacques,  P.  Recherches  sur  les  nerfs  du  copur  chez  la  greuouille  et  les 
mammiferes.    J.  de  I'anat.  et  physiol.,  etc.,  Par.,  t.  xxx  (1894),  pp.  622-648. 

t  The  sensory  nerve  endings  in  the  heart  described  by  Smimow  are  situ- 
ated in  the  connective  tissue,  not  in  the  muscle. 
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ety  of  i)ain,  chanieteristic  enough  to  be  designated  as  "  smooth 
muscle  pain."  The  hibor  pains  connected  with  contractions  of 
the  uterus  are  of  a  similar  nature  ;  the  severe  pain  believed  bj 


'\. •/..'>- 


Fig.  277.— Intcnniistular  rnd  arlMiri»iti(iii  from  the  left  uiill  (»f  tho  tm<']it'n  of 
the  (h»e;.  Tin*  hro.ul  incdiiilattMl  iutv*-  film*  tH'loiiKing  to  ii  is  visible  for 
wiinc  (listaiice.  Mirhyh'iie-hliK"  pripanithm,  (After  A.  Ariii«t«-iii.  fnrtu 
liauhcr's  texl-h<M»k. ) 


liuuiy  to  be  associated  with  spasmodic  contraction  of  the  blood- 
vessels (angina,  migraine)  may  also  be  thought  of  here.  But 
whether  the  pain  in  these  cases  is  the  result  of  stimulation  of 


r 


a 


-  -  r*  ■ 
I 

b 


A. 


ir■•^v 


n 


::iii... 

^***-%:;. 


-*^^>v. 


<)>.. 


t  •'i'  jjii*-^\x.  .V 


Fi( 


;.  '27**.— I.iniifitiidinal  section  of  iiivohiiitnry  imiseh'  showing  nerve  endinf^ 
( Aftrr(i.  ('.  Huherand  Ly«lia  !)<•  Witt.  J.  Coiiip.  Neurol.,  (iranville.  vol.  vii, 


IMW.  pi.  xiv,  V'\\L>.  '22  ami  23.  J    «/.  axis  <  yliiulcr  terminating :  6,  the  termiua- 

lion  il^ilf :  n.  niuleii««  of  tin*  smooth  muwie  ctll. 

scnsorv  nerve  fibres  beirinnin£r  in  the  muscle  itself  or  in  the  eon- 
nective-t issue  structures  is  not  known.     In  the  trachea  inter- 
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muscular  nerve-endings  have  been  demonstrated  by  Arnstein 
(Fig.  277).  The  nerve  endings  described  in  connection  with  the 
smooth  muscle  of  the  iris  and  ciliary 
body  are  doubtless  concerned  in  the 
mechanism  of  pupillary  contraction  and 
of  accommodation  reaction.  In  Fig. 
278  the  motor  endings  on  the  smooth 
muscle-cells  of  the  intestine  are  illus- 
trated. The  findings  of  Retzius  on  the 
vasa  afferentia  in  the  glomeruli  of  the 
kidney  are  shown  in  Fig.  279.  The 
nerve  endings  on  the  lymph  vessels 
have  recently  been  described  by  Dogiel.* 
Recently  nerve  endings  have  been 
found  in  certain  pathological  new 
growths.  Thus  Reisner  f  has  found 
nerves  in  condylomata,  and  VollmerJ 
has  also  studied  nerve  endings  in  these 
growths.    Young,*  in  his  study  of  nerves  ^^5J-  279.-Xerve  ending  on 

^  ®'  -^  the  VU8  alferenH  m  the  cor- 

in  tumor8,has  successfully  demonstrated      tex  of  the  kidney.    (After 

/.,  ,,1  111x1  1  G.    Retzius,    Biol.    Uuter- 

nerve  fibres,  both  medullated  and  non-  8uch.,8t4K-khoini.)  m.cor- 
meduUated,  in  a  considerable  number  of      p"^"*"  "'"^»  (Maipighi) ; 

'  ra,  vas  aiierens ;  m,  nerve. 

these  growths.     He  concludes  that,  in 

sarcomata  at  least,  nerves  are  just  as  much  an  integral  part  of 
the  tumor  as  are  the  sarcomatous  blood-vessels.  The  nerves 
were  not  followed,  however,  to  their  ultimate  terminations,  and 
it  must  for  the  present  remain  doubtful  whether  they  represent 
purely  vaso-motor  filaments  or  whether  among  them  definite 
sensory  fibres  also  exist. 


♦  Dogiel,  A.  S.  Die  Nerven  der  Lymphgefttsse.  Arch.  f.  mikr.  Anat., 
Bonn,  Bd.  xlix  (1897),  S.  791-797. 

f  Reisner,  A.  Ueber  dns  Vorkommen  von  Nerven  in  spitzen  Condylomen. 
Arch.  f.  Dermat.  u.  Syph.,  Wien  u.  Leipz.,  Bd.  xxvii  (1894),  S.  385-396. 

X  VoUiner,  K.  Xerven  und  Xervenendigungen  in  spitzen  Condylomen. 
Arch.  f.  Dermat.  u.  Syph..  Wien  u.  Leipz.,  Bd.  xxx  (1895),  S.  363-380. 

«  Op.  cit.    Cf.  Chap.  IV,  p.  37. 


CHAPTER  XXXII. 

CENTRAL   AXOXES   OF    PERIPHERAL  CENTRIPETAL  NEUROKES. 

Fibres  of  dorsal  roots — Origin,  course,  branching,  and  termination — Ijateral 
and  medial  bundle  of  dorsal  root — Entry  zone — Methods  of  studjring 
intramedullary  continuations  of  dorsal  root  fibres — Myelinization  of 
fibres — Studies  of  Flechsig,  von  Bechterew,  Karusin,  and  Trepinski — 
Ventral,  middle,  and  dorsal  root  zones — Flechsig's  oval  centre — Rela- 
tions of  myelinizati(m  sub-systems  to  function — Trepinski's  four  fcetal 
sub-svstems — Studies  of  tabes. 

Central  Axones  of  Peripheral  Centripetal  Xeurones, — Hairing 
considered  the  medullated  peripheral  sensory  nerve  fibres  (distal 
processes  of  the  spinal  ganglionic  cells)  it  is  next  in  order  to 
consider  the  proximal  processes  of  those  cells,  those  which  enter 
the  central  nervous  system.  The  central  prolongations  of  the 
spinal  ganglion  cells  (which  together  make  up  in  mammals 
almost  the  entire  mass  of  fibres  in  the  dorsal  roots  of  the  spinal 
nerves)  approach  the  spinal  cord  and  plunge  into  it  at  the  dor- 
sal lateral  sulcus  where  the  neurilemma  of  the  individual  fibres 
is  lost.  The  fibres  on  entering  the  cord  divide  by  Y-ehaped 
division  into  an  ascending  and  descending  branch.  Of  these 
tlie  former  runs  a  shorter  or  longer  distance  before  terminating 
in  the  gray  matter  of  the  cord  or  in  the  case  of  some  fibres  in 
the  medulla  oblongata  or  cerebellum ;  the  descending  limb  ter- 
minates in  the  gray  matter  of  the  cord  after  running  downward 
for  a  verv  short  distance.  On  their  wav  these  axones  before 
and  after  division  give  oif  numerous  collaterals  which  also  mn 
into  the  gray  nuitter  to  end  free  among  the  cells  and  dendrites 
of  cells  situated  there.  In  this  way  the  mechanism  is  supplied 
by  means  of  which  the  impulses  arriving  by  way  of  the  periph- 
eral sensory  neurones  can  be  transferred  to  motor  neurones  in 
the  cord  or  to  centripetal  neurones  of  a  higher  order  which  in 
turn  conduct  impulses  to  higher  regions  of  the  nervous  system. 

The  regions  of  termination  of  the  fibres  are,  it  will  be  seen,  of 
422 
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very  considerable  extent,  and  include  not  only  those  of  the  ter- 
minations of  the  main  fibres  *  but  also  those  of  the  termina- 
tions of  the  collaterals.  Although  an  enormous  amount  of  work 
has  been  done  concerning  the  more  exact  distribution  of  the 
dorsal  root  fibres  on  their  entrance  into  the  cord  and  the  course 
followed  by  their  intramedullary  prolongations,  we  are  even  now 
in  the  dark  concerning  many  points.  This  fact  will  be  evident 
from  the  following  summary  review  of  some  of  the  principal 
<jontributions  in  this  field. 

It  was  early  observed  that  each  dorsal  root  of  a  spinal  nerve 
on  entering  the  cord  consists  of  two  more  or  less  differentiated 
bundles,  a  lateral  bundle  consisting  in  the  main  of  fine  fibres, 
and  a  medial,  much  larger  bundle,  consisting  of  coarser  fibres. 
Lissauerf  showed  that  the  fine  root  fibres  become  separated 
almost  immediately  after  entrance  into  the  cord  from  the  coarser 
fibres  and  pass  over  directly  into  the  perpendicular  column  which 
he  termed  the  "  marginal  zone  "  (Randzone)^  now  usually  spoken 
of  as  Lissauer's  fasciculus.  The  fibres  of  this  fasciculus  are  easily 
recognizable  by  their  small  size.  The  rest  of  the  fibres  pass  me- 
dial ward,  a  large  number  of  them  running  in  for  a  longdistance 
close  to  the  dorso-medial  surface  of  the  dorsal  horn  of  the  gray 
matter.  This  zone  is  easily  recognizable  in  well-stained  Weigert 
preparations  of  the  adult  cord  cut  at  suitable  levels,  and  has 
been  called  by  Striimpell  and  Westphal  the  "  root  zone  "  or  "  root 
entrance  zone."  It  will  be  spoken  of  here  simply  as  the  entry 
zone  of  the  dorsal  roots.  The  further  course  of  the  fibres  was 
for  a  long  time  disputed.  Before  the  period  of  the  newer  inves- 
tigations many  authorities  believed  that  the  dorsal  root  fibres 
turned  directly  into  the  gray  matter  of  the  cord  and  were  direct- 
ly continuous  either  with  cells  there  or  with  a  network  or  felt- 
work.  It  is  now  known  that  relatively  few  dorsal  root  fibres 
enter  the  gray  matter  to  terminate  exactly  at  the  level  of  their 
entrance.  On  the  contrary,  the  majority  of  them  run  up  and 
down  in  the  white  matter  after  bifurcation  for  some  distance 
before  entering  the  gray  substance.  When  they  do  enter  the 
gray  matter  they  are  not  found  to  be  the  processes  of  cells  situ- 
ated there,  but  end  by  exhausting  themselves  by  multiple  sub- 

♦  Stammfaseni  of  the  Germans. 

t  Lissauer,  H.  Beitrag  zura  Faserverlauf  im  Ilinterhorn  des  mensohlichen 
RQckenmarks  und  zum  Verhalten  desselben  bei  Tabes  dorsulis.  Arch.  f. 
Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xvii  (1886),  S.  377-438. 
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division,  coming  into  relation  with  other  neurones  only  by  con- 
tact or  concrescence. 

A  knowledge  of  the  intramedullary  course  of  these  medal- 
lated  axones  of  the  dorsal  root  fibres  has  been  gained,  aside  from 
the  simple  topographical  studies  of  serial  sections,  in  the  main 
through  (1)  the  application  of  embryological  methods;  (2)  the 
study  of  secondary  degenerations,  (a)  experimentally  produced, 
and  (b)  the  result  of  disease  in  human  beings;  and  (3)  the 
chrome-silver  method  of  Golgi. 

His's  researches  showed  that  the  dorsal  fasciculi  of  the 
spinal  cord  are  embryologically  the  result  of  ingrowth  of  the 
central  processes  of  spinal  ganglion  cells.  A  comparison  of 
the  number  of  fibres  in  the  dorsal  fasciculi  with  the  total 
number  of  those  of  the  dorsal  roots  prevented  many  from 
believing,  however,  that  the  dorsal  fasciculi  were  made  up  in 
the  main  of  dorsal  root  fibres.  At  this  time  the  Y-shaped 
division  of  the  dorsal  root  fibres  inside  the  spinal  cord  had  not 
been  discovered. 

The  myelinization  of  the  various  portions  of  the  dorsal  fas- 
ciculi has  been  carefully  studied  by  Flechsig,*  von  Bechterew,t 
and  Karusin.J 

Flechsig's  studies  early  convinced  him  that  the  fibres  of  the 
dorsal  roots  and  of  the  dorsal  funiculi  do  not  become  medul- 
lated  all  at  once.  On  the  contrary,  definite  groups  receive 
their  myelin  nt  very  different  periods.  A  study  of  human 
fcetuses  at  different  periods  of  development  has  established  the 
sefiuence  of  niedullation  in  the  different  bundles,  and  Flechsig^s 
description  of  the  dorsal  funiculi  is  based  upon  the  results  of 
this  developmental  analysis,  and  largely  upon  preparations 
made  by  Tro])in8ki  in  his  laboratory.  Each  dorsal  funiculus, 
exclusive  of  (toll's  bundle  (fasciculus  gracilis),  can,  according 
to  Flechsig,  be  divided  into  the  following  areas : 

(1)  The  ventral  root  zone  (vordere  Wurzelzone). 


*  FlrchsiiT.  P.  T)i.'  Loitunjxsbahnen  iin  Geliirn  und  Rackenmark,  Leipzig 
(1ST6).  nn.l  especially  in  his  artiole  Tst  die  TalK^s  dorsalis  eine  -  System- 
Krkrankiinir.*'     Xeun.l.  IVntrall.l..  Leipz..  B<1.  ix  (1800),  S.  33:  72. 

f  Vnri  lU^chterew,  \V.     Die  Leitiingshahnen  ini  Gehirn  und  RQckenmark* 

Leipzig:  (1H94). 

X  Kanisin,  P.  Das  p^asersystein  des  Kiickeninarks,  eutwickelnngsge- 
schichtlich  uiitersueht.  Moskau  (1><04).  Abstract  by  Stieda  in  Merkel- 
Bonnet's  Er^'ebnisse  der  Anatomie  u.  Entwick.,  Bd.  v  (1805),  S.  445. 
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(2)  The  middle  root  zone  (mittlere  Wurzelzone), 

(3)  The  dorsal  root  zone  {hintere  Wurzelzone), 

(4)  The  median  zone  (mediane  Zone  der  Hinterstrdnge), 
The  median  zones  of  the  two  sides  make  up  in  the  lum- 
bar region  what  is  often  spoken  of  as  the  ovales  Centrum  of 
Flechsig.  The  middle  root  zone  develops  in  two  parts  (first 
and  second  systems  of  the  middle  root  zone),  as  does  also  the 
dorsal  root  zone  (medial  and  lateral  portions  of  the  dorsal  root 
zone).  The  position  of  these  various  zones  is  clearly  shown  in 
the  accompanying  diagrams  (Fig.  280).  The  sequence  of  med- 
ullation  is  as  follows  : 

(1)  The  ventral  root  zone  (Fig.  280,  V,r.z,). 

(2)  The  first  system  of  the  middle  root  zone  {M,r,z,)  and 
the  median  zone. 

(3)  Goll's  fasciculi,  second  system  of  middle  root  zone  and 
the  medial  portion  of  the  dorsal  root  zone  {D,r,z,), 

(4)  Last  of  all  toward  the  end  of  foatal  life  the  lateral  por- 
tion of  the  dorsal  root  zone  (Lissauer's  marginal  zone)  (Fig. 
280,  F.L.). 

Of  these  the  only  bundle  to  increase  steadily  in  cross  section 
as  one  passes  up  the  cord  is  Goll's  fasciculus.  All  other  regions 
show  in  the  thoracic  cord,  especially  in  its  middle  parts,  a  consid- 
erably less  area  in  cross  section  than  they  do  in  the  enlargements. 

As  to  the  origin  and  termination  of  the  nerve  fibres  con- 
tained in  the  different  fcetal  zones,  Flechsig,  when  he  wrote  in 
1890,  believed  that  the  ventral  root  zone  (V.r.z.)  received  very 
many,  probably  all,  of  its  fibres  direct  from  the  dorsal  roots  of 
the  spinal  nerves ;  they  went,  he  thought,  into  the  dorsal  horn 
after  a  longer  or  shorter  course.  In  front  of  the  dorsal  horn 
they  vanished,  although  he  could  not  make  out  their  exact  ter- 
mination. He  felt  sure  that  they  have  nothing  to  do  with  the 
nucleus  dorsalis. 

The  fibres  of  the  first  system  of  the  middle  root  zone  he 
believed  come  entirely  from  the  dorsal  roots  and  end  after  a 
short  course  by  turning  into  the  nucleus  dorsalis  (Clarkii).  As 
to  the  origin  and  termination  of  tlie  fibres  in  the  median  zone 
he  could  make  no  statement.  Concerning  the  fibres  of  Goll's 
fasciculus,  Flechsig  could  give  no  direct  proof  from  the  study  of 
the  foetus  that  they  have  their  origin  in  the  dorsal  roots.  He 
could  first  certainly  demonstrate  them  as  compact  bundles  of 
fibres  in  the  region  of  the  tenth  thoracic  nerve.     Further  down 


'■'•      F.  ari 


psi'mitialuraWiliB:  E,  mcmbt'rmpnt  as  rrveaW  by  gtadyof  mTplitilnlinii ; 
F.  Ii'sioii  in  H  I'itM;  tif  iiiciplriit  tabps. 

W.— FiKiin-v  ilUiHlnilinK  tIll^  ilnnitl  nmiculi  in  the  cervical,  thoncic.  and 
luiiilnr  n-jriiitiH  »!'  Ilu-  ii]>iuiil  ciinl.  TIkiw  iin  tbc  left  side  illUBtrate  the  em- 
hryiiliiKli'nl  niembi>niicnt,  IIkhii-  rni  the  right  Hide  the  lenioni  in  nan  nf 
irii'iri<-iit  tnlteii.  rAfh-r  1>.  HethiilR.  N<>nnil.  IVntnilhl.,  Leipi.,  Bd.  Iz,  ISBOb 
S.  73,  Flin.  1.  2.  3.  4.  S.  ami  A. )    LeIteriiiK  eipl>iii(4  in  text. 
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the  fibres  appeared  to  be  distributed  over  the  whole  cross  sec- 
tion of  the  middle  root  zone.* 

The  fibres  of  the  medial  portion  of  the  dorsal  root  zone 
(D.r.z,)  all  come,  according  to  Flechsig,  from  the  dorsal  roots. 
They  leave  the  dorsal  funiculi  by  three  paths :  (a)  The  fibres 
most  medially  laid  run  in  part  in  the  raphe  forward  to  the  dorsal 
commissure  and  then  bend  out  toward  the  dorsal  horn.  These 
fibres  have  nothing  to  do  with  GoU's  fasciculus,  (b)  The  lat- 
eral fibres  leave  the  dorsal  fasciculi  from  the  side,  crossing 
the  entering  dorsal  roots  at  an  acute  angle,  and  arrive  at  the 
dorsal  horns,  whence  they  run  forward,  (c)  The  main  mass  of 
fibres  runs  tlirough  the  middle  root  zone  to  enter  the  dorsal 
horns  midway  between  the  dorsal  commissure  and  the  periphery 
of  the  cord.  These  bundles  run  forward  as  far  as  the  periphery 
of  the  ventral  horns,  becoming  lost  between  the  fibres  of  the 
ventral  roots  and  the  large  ganglion  cells  of  the  ventral  horns. 

The  fibres  of  the  lateral  portion  of  the  dorsal  root  zone  (Lis- 
sauer's  marginal  zone)  run,  just  as  Lissauer  described  them,  to 
the  fine  plexus  of  fibrils  in  front  of  the  dorsal  commissure  and 
to  the  lateral  limiting  layer  of  the  gray  substance.  All  fibres  of 
this  zone,  Flechsig  believes,  have  their  origin  in  the  dorsal 
roots.! 

This  memberment  of  the  dorsal  funiculi  does  not  correspond 
to  that  based  upon  secondary  degeneration  after  lesion  of 
dorsal  roots  (vide  infra),  and  apparently  the  former,  unlike  the 
latter,  does  not  correspond  to  the  different  length  of  the  fibres. 
It  is  Flechsig's  opinion  that  his  areas  correspond  to  specific 
sense  qualities  (muscle-sense,  sense  of  touch,  of  pain  and  the 
like),  the  different  systems  having  different  peripheral  connec- 
tions. While  the  areas  outlined  by  degeneration  secondary  to 
lesion  of  dorsal  roots  differ  much  from  those  which  result  from 


♦  Earlier,  Flechsig  believed  that  the  fibres  of  Goll's  fasciculus  have  their 
origin  also  in  the  dorsal  zone,  and  perhaps  even  more  widely.  They  are  more 
numerous  in  the  medial  portion  of  the  middle  root  zone  than  in  the  lateral 
portion.  Flechsig  believes,  however,  that  the  fibres  of  Goll's  fasciculus 
really  represent  intramedullary  continuations  of  dorsal  root  fibres,  and  urges 
against  von  Bechterew's  objection  that  the  dorsal  roots  are  all  medullated 
before  GoU's  fasciculus,  that  his  own  observations  show  that  when  the  fibres 
of  Goll's  fasciculus  receive  their  myelin  sheaths  there  are  still  many  fibres 
in  the  dorsal  roots  which  are  non-medullated. 

f  It  will  be  noticed  that  this  description  belongs  to  the  period  preceding 
that  in  which  collaterals  were  distinguished  from  terminals. 
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ciuliryolopioiil  analysis,   Flechsig    asacrts    that    in    locomotor 
utuxiu  the  lesions  in  the  dorsal  funiculi  conform  to  the  latter 
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and  not  to  the  former.  The  degpii era t ions  in  this  disease  to 
well  worked  out  by  Charcot  and  Pierret,  Westphal,  Strumpell, 
and  others,  Flechsig  as-serts  on  closer  analyBia  show  a  very  dis- 
tinct imndlelisin  with  the  arous  outlined  from  the  study  of  the 
fii'tud.  In  hi'giiiuing  tabes  he  finda  that  the  disease  is  nearly 
nlwavH  loi-iilized  to  the  areiis  designated  by  him  as  the  "middle 
riJot  Kone  "  and  tliu  "  median  zone  "  (these  receive  their  myelin 
iiiinulianeously.  ritli:  ^n/ir"),  all  other  regions  remaining  at  first 
intatrt.  A  eonipurison  of  tlie  two  sides  of  Fig.  280,  and  of 
l-'i{I.  ■^'<l  (fo'titl  markinjfs)  with  Fig.  'iS'i  (degeneration  in 
tiibeii)  illurttrates  strikingly  the  paralleliBm.  After  tabea  has 
passed  the  inciiiierit  stage  the  zones  which  develop  later  maybe 
atla<'kei)  in  variable  onlcr,  although,  as  it  rule,  the  first  to  suffer 
is  the  lateral  portion  rif  the  dorsid  root  zone,  together  ^ith 
tloU's  fiiseienli,  and  Inter  tlie  medial  piirtion  of  the  dorsal  root 
zone.  The  ventral  root  zone  appears  to  be,  without  esception, 
the  last  to  he  attacked. 

Voii  HclitiTcw  aarifs  iii  ibe  main  with  the  views  of  Flechaig. 
He  idso  divides  tlie  faseieuliis  eiiiLialtis  of  Btirdarh  into  a  ventral. 
:t  laKTuI,  luiil  a  dorsid  xiiiii',  but  iUh^s  not  iilijtHa  to  the  insertion  bjr 
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Flechsig  of  a  middle  zone  between.  In  von  Bechterew's  book  (1894) 
there  is  sooie  stress  laid  upon  difTerences  in  the  time  of  medullatioii 
of  certain  portions  of  tlie  fasciculus  gracilis  of  Gol).  Tlie  first  por- 
tion of  this  fasciculus  tobecotnemedullated,  according  to  him,  is  tliat 
immediately  adjacent  to  the  median  septum,  an  area  which  corre- 
sponds to  Flechsig's  mediane  Zone,  In  addition  to  this,  he  distin- 
guishes two  other  systems  of  fibres  in  the  fasciculus  gracilis:  (1)  An 
area,  gm.  taking  in  the  major  part  of  the  fasciculus,  and  situated 
just  external  to  the  median  zone ;  and  (2|  a  narrow  stripe,  gl.  lying 
between  the  area,  gm.  and  the  fasciculus  ouneatus.  The  latter,  von 
Bechterew  states,  is  the  [Kjrtion  of  the  dorsal  fasciculi  of  the  spinal 
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cord,  the  last  to  become  medullated.  He  asserts  with  emphasis  that 
the  whole  of  Goll's  fasciculus  (with  the  exception  of  the  "  median 
zone."  which  he  thinks  has  its  origin  in  dorsal  root  fibres)  is  made 
up  of  medullated  axones,  which  are  processes  of  cells  situated  in 


430  THE  NERVOUS  SYSTEM. 

the  dorsal  horns  of  the  gray  matter  of  the  spinal  cord.*  This  view 
is  in  direct  contradiction  to  the  results  of  the  studies  of  secondary 
degenerations,  and  of  thase  in  which  Golgi'S  method  has  been 
employed  {vide  infra).  Von  Bechterew  further  thinks  that  while 
a  part  of  the  fibres  of  Goirs  bundle  run  all  the  way  to  the  medulla 
oblongata  without  interruption,  another  portion  is  interrupted  and 
continued  upward  only  by  the  intercalation  of  other  cellular  ele- 
ments situateil  in  the  dorsal  horns. 

Karusin,  who  has  recently  gone  over  this  whole  subject  with 
the  same  method,  having  a  large  amount  of  material  at  his  dis- 
posal, states  emphatically  that  sharp  limitations  of  single  regions 
can  not  be  made  out.  He  holds  that  while  it  is  true  that  the  first 
well-developed  fibres  appear  in  the  entry  zone  {Einstrahlungszone 
of  vou  Lenhossek,  or  ventrale  Wtirzelzone  of  Flechsi^),  at  later 
perio<ls  the  process  of  myelinization  occurs  diffusely  in  all  direc- 
tions. He  concludes  that  only  thi'ee  well-separated  regions  in  the 
dorsal  fasciculi  are  to  be  made  out :  (1)  Tlie  fasciculus  cuneatus,  (2) 
the  fasciculus  gracilis,  and  (3)  Lissauer's  marginal  zone.  He  insists 
that  a  connective-tissue  sheath  separates  the  fasciculus  gracilis 
from  the  fasciculus  cuneatus,  a  finding  w^hich  he  looks  upon  as  a 
strong  argument  in  favor  of  the  anatomical  individuality  of  the 
two  fasciculi. t 

As  has  been  stated,  Flechsig's  publication  in  1890  was  based 
u|K)n  the  study  of  sei*tions  made  in  his  laboratory  by  Trepioski. 
Trepinski  himself,  now  at  Zoppot,  has  continued  the  studies;  begun 
in  Flechsig's  laboratory,  during  the  past  eight  years,  and  in  1898 
has  written  a  paper,*  in  which  he  comes  to  conclusions  which  differ 
materially  from  those  of  Flechsig.  Leaving  out  of  consideration 
the  tibres  of  Lissiiuer  s  marginal  zone,  he  states  that,  corresponding 
to  the  poricxl  of  myelinization,  there  are  four  distinct  fibre  systems 
to  be  ditferentiateil  from  one  another  in  the  dorsal  funiculi  of  the 
hunum  von\.      These  fibre  systems,  the  areas  of  distribution  of 


♦  As  is  pointed  out  further  on,  all  the  recent  evidence  is  in  exact  oppo- 
sition to  this  view  of  von  Hechlerew.  The  fibres  of  the  fasciculus  grscili» 
((iolli)  appoar  to  be  almost  wholly  intrame<lullary  continuations  of  doml 
root  fibres,  while  those  in  the  median  zone  almost  all  represent  meduUated 
axones  of  neurones,  the  cell  bodies  of  which  are  situated  within  the  gray 
matter  of  the  spinal  cord  itself. 

t  Thi'W  is  no  getting  around  the  fact,  however,  that  the  long  fibres  of 
the  dorsal  roots  f»f  the  lower  spinal  nerves  which  enter  the  fasciculus  cuneS' 
tus  are  continued  upward  in  the  fasciculus  gracilis.  Secondary  degenera- 
tions ]»rove  this  beyond  the  shadow  of  a  doubt. 

X  Trepinski.  I>ie  embryonalen  Fasersysteme  in  den  Uinterstrftngen  nnd 
ihre  Degeneration  l)ei  <ler  Tabes  dorsalis.  Arch.  f.  Psychlat.  und  Ner* 
venkr..  Berl.,  Bd.  xxx  (iyi>7),  S.  04-81. 
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which  frequently  overlap,  attain  to  a  ripe  condition — that  is,  com- 
plete the  process  of  medullation  in  foetuses  24  cm.,  28  cm.,  35  cm., 
and  42  cm.  long,  respectively.  In  foetuses  of  the  last  length  the 
whole  dorsal  funiculus  is  fully  medullated,  although  the  fibres  of 
Lissauers  marginal  zone  are  then  only  beginning  to  receive  their 
myelin  sheaths.  A  number  of  the  figures  accompanying  Trepin- 
ski's  article  are  here  reproduced  (Figs.  283-291). 

While  it  is  true  that  the  areas  of  distribution  of  the  four  fibre- 
systems  overlap  one  another  to  a  certain  extent,  these  can  be  deter- 
mined by  an  analysis  of  the  varying  appearances  presented  in  the 
dorsal  funiculi  at  different  stages  of  development. 

In  the  dorsal  funiculus  of  foetuses  24  cm.  long  there  are  many 
medullated  fibres  present,  but  not  everywhere  in  the  cross  section. 
The  dorsal  part  of  the  dorsal  funiculus  (Fig.  283,  a)  in  the  lumbar 
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region  is  devoid  of  myelin ;  the  more  ventral  parts  (Fig.  283,  c)  are 
regularly  studded  with  nerve  fibres,  but  even  here  the  individual 
fibres  are  separated  from  one  another  by  considerable  distances.  In 
the  thoracic  and  cervical  cord  there  are  no  medullated  fibres  in  the 
dorsal  region  of  the  dorsal  funiculus  (Fig.  284,  6),  nor  are  there  any 
in  the  middle  region  of  each  dorsal  funiculus  (Fig.  284,  a) ;  the  only 
medullated  fibres  present  are  situated  in  a  narrow  stripe  near  the 
median  septum  (Fig.  284,  d),  and  in  a  somewhat  broader  stripe  along 
the  dorsal  horn  (Fig.  284,  c).  In  the  most  ventral  region  of  the 
funiculus  these  medullated  areas  go  over  into  one  another.  The 
non-medullated  regions  are  continuous  with  one  another  at  the  dor- 
sal periphery. 

In  foetuses  28  cm.  long  the  appearance  of  the  dorsal  funiculi  in 
all  regions  is  very  different  from  the  foregoing.  In  the  lumbar 
cord,  which  has  by  this  time  grown  to  be  considerably  larger,  not 
only  is  the  dorsal  portion,  which  before  was  non-medullated,  now 
regularly  studded  with  medullated  fibres  (Fig.  285),  but  the  ventral 
Ix)rtions  have  many  more  medullated  fibres  in  them  than  before, 
the  individual  medullated  fibres  now  standing  much  closer  together 
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tlian  in  the  ivetiis  24  cm.  long,  the  new  fibres  evidently  occupying 
the  interepaces  between  the  older  ones.  It  is  obvious,  therefore. 
that  this  second  system  of  fibres  occupies  the  whole  cross  section  uf 
the  lumbar  portion  of  the  doi'sal  funiculi,  although  Trepiuski  states 
that  the  dorsal  region  of  the  dorsal  funiculus  contains  more  of  the 
fibres  of  the  new  system  than  does  the  ventral  reg^ion,  for  in  a 
fa^tus  28  cm.  long,  the  dorsal  region  previously  entirely  non-medul 
lattnl  is  almost  as  thickly  studded  with  medullated  ftbivs  as  is  the 
ventral  region. 

In  the  thoracic  cord  and  in  the  cervical  cord  there  has  also  lieeii 
a  marked  increase  of  medullated  fibres  when  the  foetus  has  attained 
a  length  of  28  cm.  The  ivgions  of  the  dorsal  funiculi,  which  in  the 
fa*tus  24  cm.  long  wei'e  non-medu Hated,  are  now  ix*cupied  by 
juedullated  fibres,  and,  further,  even  those  regions  which  showed 
medullated  fibres  l>efore  now  contain  a  greater  number  of  tlieni,  for 
the  individual  libres  stand  closer  together.  The  distnbution  of  the 
new  fibres  in  the  cross  section  is,  however,  not  even,  and  the  cross 
section  shows  light  ai'eas  and  dark  areas  in  Weigert  pre|)a  rat  ions. 
which  are  quite  different  in  distribution  fi*om  those  chamcteristi*^ 
of  the  previous  peri<Kl  of  development. 

In  the  thoracic  cord  the  lightest  part  of  the  cross  section  at  this 
stage  is  the  middh*  region  of  the  dorsal  funiculus  (Fig.  2SC,  bt :  it 
has  the  form  of  a  strijM*  which  goes  from  the  dorsal  periphery  almost 
to  the  ventral  extremitv  of  the  funiculus.  The  dorsal  funiculus  in 
the  Ihomcic  region  thus  becomes  divided  into  a  middle  lig'ht  jiart 
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(Fig.  2s().  /».  a  lateral  dark  part  (Fig.  2SCy,  c),  and  a  medial  dark  part 
(Fig.  2SC.,  a). 

In  the  cervi<"al  conl  in  the  fcetus  2v^  cm.  long  the  fasciculus  cra- 
cilis  <Fig.  2s7,  a),  owing  to  the  small  number  of  medullated  fibres 
present  in  it.  apix'ai's  light,  with  the  exception  of  a  narrow  strijie 
near  the  median  septum  (Fig.  287,  (J),  a  region  which,  it  will  be 
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recalled,  conbiiiied  some  meduUated  fibres  in  the  fwtus  24  cm.  long. 
The  dark  Btrine  of  Goll's  tascioulus  ))asses  over  at  the  most  ventral 
region  of  tlie  dorsal  fuuit-ulus  into  the  medullaled  area  which 
corresponds  to  the  fasciculus  cuueatus.  The  second  system  of  fibres, 
Iherefore,  iti  the  cervical  re-  a 

gion  is  distributed  over  the 
whole  cross  section  but  tlie 
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but  also  in  the  arrangement  of  fibres  as  seen  in  the  cross  section. 
The  mistake  must  not  be  made  of  thinking  that  all  the  fibres  seen 
to  be  medullated  in  the  ftetus  28  cm.  long  belong  to  the  second 
system ;  Trepinskis  meaning.  I  take  it,  is  that  to  the  second  system 
belong  only  those  fibres  which  have  received  their  myelin  sheaths 
during  the  period  of  growth  extending  from  the  time  when  the 
f(»tus  was  34  cm.  long  to  the  time  when  the  fcetus  is  28  cm.  long. 

The  third  system  of  fibres  in  the  dorsal  funiculi,  entirely  non- 
medullated  in  the  fceluses  28  cm.  long,  attains  its  full  development 
in  fcetuses  35  cm.  long.  In  the  fo-tus  28  cm.  long  the  cross  section 
of  the  dorsal  funiculus  in  the  lumbar  region  was  evenly  studded 
with  medullated  fibres.  In  the  fcetus  35  cm.  long  there  is  seen  to 
be  one  area  which  in  Weigert  preparations  takes  &  very  dark  stain, 
while  other  parts  are  stained  of  a  light  color  (Fig.  28S).  This  is 
owing  to  the  fact  that  in  the  dark  region  there  has  been  a  great 
increase  in  the  number  of  medullated  fibres.  The  new  fibres  (those 
of  Trepinski's  third  system)  occupy  on  the  cross  section  stained  by 
Weigert's  method  the  greater  part  of  the  lumbar  dorsal  funiculus 
(Fig.  2«S,  c).  The  area  in  which  they  are  distributed  is  limited  dor- 
sally  by  a  curved  line,  behind  which  the  dorsal  funiculus  looks  light 
(Fig.  2W*.  b).  Near  the  median  septum  too  there  is  a  light  stripe 
<Fig.  288,  o),  which  is  continuous  with  the  doraal  light  region ; 
29 
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besides,  the  most  vpiitral  part  of  the  liimbiir  dorsal  fiinieultts  (Fig. 
i!H8.  /)  looks  light  in  comparison  with  the  dark  area,  but  here  the 
demarcation  is  not  sliarp. 

In  the  thoracic  cord  of  a  fcetus  3a  cm.  long  thi^re  is  a  nietiiber- 
ment  into  light  and  dark  areas,  but  this  membcrmeDt,  as  Trepin- 
ski's  drawings  show,  is  quite  ditTer^nt  from  that  described  in  the 
ftDtus  28  cm.  long  (cf.  Fig.  28i)  with  Fig.  2861.  In  the  fcetus  35  cm. 
long  only  the  more  veiitnil  part  of  the  lateral  portion  of  the  dorsal 
funiculus  (Fig,  2WI,  c)  is  dark;  the  dorsal  portion  of  the  lateral 
region  (Pig.  2Hd,  b\  appears  now  to  1>e  light,  although  in  the  fivtun 
28  cm.  long  it  was  just  as  dark  as  the  veiitml  portion  of  tliis  lateral 
region.  Further,  at  this  p(>riod  (f(t>tus  3S  cm.  long)  the  lateral  durk 
region  is  considerably  broitder  than  it  was  at  the  earlier  period 
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(fii'tus  2K  cm.  Itnijr).  sii  that  the  outer  dark  region  now  includes  the 
nii<ldle  light  .siriiH'  of  tlit'  iwlier  dev<'lopmental  stage.  The  medial 
dark  imrt  iKig.  2Kt.  th  in  f<Hiises  35  cm.  long  consists  of  anam>w 
sti'ipe  KiUiatciI  nciir  tl»'  nii'<li;in  septum,  ii  stripe  which  at  (he  veii- 
tnil end  of  the  din-siil  fuiiiculus  jrocs  over  without  limitation  int*> 
the  Intend  thii-k  nii'Ji.  Tlie  Intler  does  not,  however,  reach  the 
iloi-snl  i«ripl»Ty,  Owing  to  the  narrow  limits  of  the  medial  dark 
tiTK-a  there  is  ii  much  nioiv  extensive  light  aii>a  (Fig.  289.  a)  in  the 
thoi-iicic  conl  of  fo-tiises  ;!.'.  cm,  long  Ihiui  existed  in  foetuses  28 
cm.  long. 

In  ihf  corvical  <..rd  ..f  f.vtns<-s  :\'>  em.  long  the  third  system  of 
tihres  is  dislrihuliil  in  Ilii' greater  (iurt  iif  the  fasciculus  citneatus 
I  Kig.  2SMI.  ci.  only  the  snutll  dc.i-siil  jK.rtitui  of  the  same  (Fig.  890,  6) 
showing  no  iiKn;tse  in  tilircs  :  this  (tors.il  jxnlion  is  now  of  a  light 
ciilor,  ullhough  ill  f.iiiiMs  'Js  cm.  long  it  was  just  as  dark  as  the 
wore  ventral  portions  of  the  fiiscieulus  cunt'utus.    The  fibres  of  the 
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third  system  are  distributed  also  in  the  medial  portion  of  the  fascic- 
ulus gracilis  (Fig.  290,  d),  as  is  shown  by  an  increase  of  the  medul- 
lated  fibres  situated  there  at  this  developmental  stage.  This  region 
of  GolTs  fasciculus  is  now  closely  studded  with  medullated  fibres, 
iind  looks  darker  than  the  more  lateral  portions  of  this  fasciculus 
(Fig.  290,  a).  On  comparing  the  dark  medial  part  of  GolFs  fascicu- 
lus in  the  fcetus  35  cm.  long  with  that  of  the  foetus  28  cm.  long,  it 
will  be  seen  that  the  region  at  the  later  period,  though  considerably 
larger,  shows  fibres  standing  much  more  closely  together  than  in 
the  earlier  stage.  The  medial  dark  portion  of  the  fasciculus  gra- 
cilis is  continuous  with  the  dark  portion  of  the  fasciculus  cuneatus 
at  the  ventral  region  of  the  dorsal  funiculus. 

The  fourth  system  of  fibres,  according  to  Trepinski,  has  com- 
pleted its  development  by  the  time  the  foetus  has  attained  a  length 
of  42  cm.,  for  at  this  period,  he  states,  all  parts  of  the  cross  section  of 
the  dorsal  funiculi  are  evenly  studde<l  with  medullated  nerve  fibres. 
The  change  in  the  appearance  of  the  cross  section  is  evidently  due 
to  an  increase  of  medullated  fibres,  which  have  come  in  to  occupy 
the  light  regions  between  the  fibres  already  present  in  them  at  ear- 
lier developmental  stages.  It  is  accordingly  easy  to  define  the 
areas  of  distribution  of  the  fibres  of  the  fourth  system.  Thus  in  the 
lumbar  cord  the  nerve  fibres  of  this  system  occupy  the  dorsal  por- 
tion (Fig.  288,  6),  a  medial  region  (Fig.  288,  a),  and  a  ventral  field 
(Fig.  288,  /)  of  the  dorsal  funiculi.  In  the  thoracic  cord  they  spread 
out  in  the  dorsal  region  (Fig.  289, 6)  and  the  middle  part  (Fig.  289,  a) 
of  the  dorsal  funiculi.  In  the  cervical  cord  they  lie  in  the  dorsal 
part  of  the  fasciculus  cuneatus  (Fig.  290,  b)  and  the  lateral  part  of 
the  fasciculus  gracilis  (Fig.  290,  a).  Later  stages  of  development 
show,  according  to  Trepinski,  no  alteration  in  the  appearances  of 
the  dorsal  funiculi,  so  that  he  assumes  that  all  the  fibre  systems  are 
present  in  foptuses  42  cm.  long. 

At  this  period  Trepinski  could  make  out  medullated  fibres  for 
the  first  time  in  the  region  of  Lissauer's  marginal  zone,  an  area 
which  in  reality  belongs  to  the  lateral  funiculus  of  the  cord.  Even 
in  foetuses  47  cm.  long  the  myelin  development  in  this  region  does 
not  appear  to  be  complete,  for  the  medullated  fibres  stand  much 
farther  apart  then  than  in  the  adult  individual. 

Trepinski  asserts,  therefore,  that,  leaving  out  Lissauer's  zone,  it 
is  easy  to  distinguish  in  the  dorsal  funiculi  four  embryonic  systems 
of  nerve  fibres.  The  area  of  distribution  in  the  cross  section  corre- 
sponding to  each  of  these  fibre  systems  can,  he  thinks,  be  established 
with  exactness,  in  spite  of  the  fact  that  the  fibres  of  different  systems 
mix  up  with  one  another,  for  each  of  the  systems  when  it  appears 
leads  to  an  alteration  in  the  appearance  and  memberment  of  the  dor- 
sal funiculi.  Each  of  the  four  systems  lies,  in  the  upper  regions  of 
the  spinal  cord,  partly  in  the  fasciculus  cuneatus,  partly  in  the 
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fasciculus  gracilis,  and  since  medullation  is  completed  in  the  fascir- 
ulus  gracilis  at  the  sauie  ]>eriod  as  in  the  fasciculus  cuneatua,  it  i$ 
obvious  that  from  the  study  of  development  alone  Goll's  fasciculi 
are  composed  of  the  same  embryonic  fibre  systems  as  are  Buntacli't 
fasciculi. 

Trepinski.  like  Flechsig,  believes  that  the  diatrihution  of  the 
embryonic  fibre  systems  alfords  the  clew  to  the  varying  |)icturea 
met  n-ith  iu  tabetic  degeneration.  lu  his  article  he  gives  a  number 
of  examples  of  cases  of  tabes  illustrating  his  view.  And  it  must  be 
granted  that  if  his  drawings  are  objective,  the  parallelism  between 
the  tabetic  degeneration  and  the  stages  of  myelinization  is  remark- 
ably striking.  No  student  of  tabes,  at  any  rate,  can  afford  to  over- 
look these  studies  of  Trepinski.  It  would  lead  ub  too  far  if  we 
attempted  to  comi>are  the  findings  in  cases  of  tabes  with  the  findings 
iu  the  embryonic  spinal  cord.     One  example  from  Trepioski's  article 


may,  however,  be  given.  In  a  ease  of  beginning  lumbar  tabe«  Tre- 
pinski found,  in  addition  to  a  degeneratiuu  of  Lissauer's  zone  and  of 
certain  )>arts  of  the  gray  matter  of  the  cord,  a  moderate  d^eneration 
in  the  middle  region  of  the  dorsal  funiculi  (Fig.  291,  C).  The  dorsal 
parts  of  these  funiculi  (Fig.  201,  b}  look  healthy,  as  do  the  medial 
resiions  connected  with  the  dorsal  )Kirts  and  lying  cloee  to  the  me- 
dian septum  I  Fig.  201.  a)  and  a  ventral  field  in  the  dorsal  funiculi 
(Fig.  2!tl.  /).  This  distribution  of  degenerated  fibres  in  the  dorsal 
funiculi  leads  to  a  nipmbennent.  reminding  one  immediately  of  that 
met  with  in  the  spinal  cord  of  a  foetus  35  cm.  long  (cf.  Fiy.  288). 
with  this  difference,  that  the  portions  which  were  of  a  light  color 
in  the  fa'tal  dorsal  funiculus  atn^eur  dark  in  the  diseased  cord,  and 
1-jcc  rrrm.  It  will  l>e  remenibei'ed  lliat  iu  the  ftetal  d4»flal  funicu- 
lus this  special  appearance  was  brought  about  by  the  ripemn;  ol 
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the  third  system  of  fibres.  Trepinski  believes  that  the  member- 
ment  in  the  diseased  cord  in  this  case  must,  therefore,  be  due  to  the 
degeneration  and  disappearance  of  that  system  of  fibres  which 
called  forth  the  memberment  in  the  spinal  cord  of  the  foetus.  He 
concludes,  therefore,  that  in  this  case  of  tabes  the  degeneration  has 
affected  the  third  embryonic  fibre  system  alone.  That  in  the  de- 
generated area  many  healthy  nerve  fibres  remain  is  easily  ex- 
plained, for  in  among  the  fibres  of  the  third  system  there  exist 
fibres  of  the  first  and  second  system.  If  the  fibres  of  the  third 
system  alone  be  diseased,  then  the  fibres  of  the  other  system  should 
remain  over  as  healthy  fibres  in  the  degenerated  region.  He  cites 
a  series  of  interesting  cases  which  he  has  met  with,  and  illustrates 
them  by  drawings  of  the  sections,  but  for  these  the  reader  must 
consult  the  original  article. 


CHAPTER   XXXIII. 

CENTRAL  AXOKES  OF   PERIPHERAL  CENTRIPETAL   NEURONES. 

( ContinueiL) 

Studies  of  secondary  degenerations — Experimental  investigations — Lesions 
of  single  dorsal  roots  in  human  beings — Studies  of  cases  of  transverse 
lesion  of  the  spinal  cord — Fibres  eon ries,  fibres  tongues  et  fibres  moy- 
ermen  of  P.  Marie — Ascending  degenerations  in  dorsal  funiculi — De- 
scending degenerations — The  comma  of  Schultze — Fibres  endogenes  ot 
P.  Marie — Triangle  median  of  Cioinbault  et  Philippe — Flechsig's  oval 
centre — Descending  septo-marginal  tract  of  Bruce  and  Muir — Descend- 
ing limbs  of  dorsal  root  fibres— A xones  of  spinal  cord  cells  entering 
dorsal  funiculi — ?jxcentric  position  of  long  fibres — Ascending  end<»ge- 
nous  fibres  in  dorsal  funiculi — Anwmic  necrosis  following  ligature  of 
alxlominal  aorta — Fasciculus  dorsalis  proprius — Terminals  of  dorsal 
root  fibres  as  studied  by  Marchi's  method. 

m 

The  methods  of  studying  secondary  degeneration  applied  to 
the  dorsal  fasciculi  have  supplied  us  with  a  large  number  of 
facts  of  the  highest  degree  of  importance.  In  animals,  if  one 
or  more  dorsal  roots  he  cut  between  the  spinal  ganglia  and  the 
spinal  cord,  the  intramedullary  continuations  of  these  fibres  un- 
dergo secondary  degeneration,  and  can  be  studied  later  by  Wei- 
gert's  method  or,  better  still  in  some  cases,  by  the  method  of 
Marchi.  In  this  way  it  is  possible  to  determine  the  exact  posi- 
tion in  all  parts  of  the  spinal  cord  of  the  intramedullary  con- 
tinuations of  any  desired  dorsal  root.  Without  reviewing  in 
detail  all  the  individual  researches  made  in  this  field,  the  results 
in  general  may  be  thus  stated  :  After  section  of  the  dorsal  root  of 
a  s])inal  nerve  between  the  ganglion  and  the  cord,  both  the  lateral 
and  medial  liundle  of  fibres  (seen  just  after  entrance)  undergo 
complete  degeneration  and  can  be  easily  studied.  Immediately 
above  the  level  of  entrance  of  the  nerve  root  concerned  there 
is  degeneration  in  the  entry  zone.  If  the  lesion  be  situated  low 
down  in  the  spinal  conl,  an  examination  of  transverse  sections 

made  at  different  levels  up  the  cord  shows  two  things:  (1)  A 
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progressive  diminution  in  the  number  of  degenerated  fibres  as 
the  cord  is  ascended;  (2)  a  gradual  change  in  the  position  oc- 
cupied by  the  degenerated  fibres.  The  first  observation  proves 
that  the  fibres  of  a  dorsal  root  which  ascend  in  the  cord  stop  at 
different  levels ;  the  second  proves  thit  fibres,  which  low  down 
in  the  cord  are  situated  near  the  gray  matter  in  the  entry  zone, 
higher  up  come  to  occupy  a  position  more  dorsal  and  medial, 
gradually  approaching  G oil's  fasciculus,  and  in  the  case  of  the 
sacral  roots,  for  example,  forming  a  part  of  it.  All  the  evidence 
from  the  study  of  secondary  degenerations  goes  to  prove  that 
the  fibres  of  the  fasciculus  gracilis  in  the  cervical  region  repre- 
sent the  long  intramedullary  continuations  of  dorsal  root  fibres 
which  in  the  sacral  and  lumbar  region  were  among  the  fibres  of 
the  fasciculus  cuneatus.  Each  dorsal  root  as  it  enters  the  spinal 
cord  pushes  the  fibres  of  Burdach's  fasciculus  in  a  dorsal  and 
medial  direction,  so  that  the  long  ascending  fibres  are  neces- 
sarily successively  more  and  more  displaced  toward  the  dorsal 
median  sulcus.  These  relations  are  beautifully  illustrated  by 
the  experimental  work  of  Singer,*  Kahler,t  Tooth,!  Singer  and 
Miinzer,^  and  others. 

Singer  and  Munzer  cut  the  dorsal  roots  of  the  twenty-sixth, 
twenty-seventh,  and  twenty-eighth  spinal  nerves  on  one  side, 
and  also  the  dorsal  roots  of  the  twentieth,  twenty-first,  and 
twenty-second  nerves  of  the  same  side.  After  the  animal  had 
lived  long  enough  for  degeneration  to  become  marked,  it  was 
killed  and  the  degenerations  were  studied  in  sections  made 
at  different  levels  (Fig.  292).  A  section  made  just  above  the 
entrance  of  the  twenty-sixth  root  showed  degenerated  fibres 
in  the  white  matter  immediately  adjacent  to  the  dorso-medial 


♦  Singer,  J.  Ueber  secundfire  Degeneration  im  Rtickenmark  des  Hundes. 
Sitzungsb.  d.  k.  Akad.  d.  Wissensch.,  Math-naturw.  CI.,  3.  Abth.,  Wien,  Bd. 
Ixxxiv  (1882),  S.  390-419. 

t  Kahler,  0.  Ueber  die  Verfinderungen,  welche  sich  im  Rtickenmarke  in 
Folge  einer  geringgradigen  Compression  entwickeln;  nebst  einem  die  se- 
cundftre  Degeneration  im  Rttckenmarke  des  Hundes  betreffenden  Anhang. 
Ztschr.  f.  Heilk.  Prag.,  Bd.  iii  (1882),  S.  187-232. 

X  Tooth,  H.  H.  The  Goulstonian  Lectures  on  Secondary  Degeneration  of 
the  Spinal  Cord.  Brit.  M.  J.,  Lond.  (1889),  i,  pp.  753;  825;  853.  Also  Re- 
print, London  (J.  A.  Churchill),  1889. 

•  Singer,  J.,  und  E.  Mlinzer.  BeitrSge  zur  Anatomic  des  Centralnerven- 
sjstems  insbesondere  des  RUckenmarkes.  Denkschr.  der  Wiener  Akad., 
Bd.  Mi  (1890-'91),  S.  569. 


440 


THE  NERVOUS  SYSTEM. 


surfiioe  of  the  dorsal  horn.  At  a  little  higher  level  below  the 
I'litruiu-e  of  the  twenty-flt^conil  dorsHl  root  the  diseased  fibres 
were  nioro  sepanited  from  the  dorfial  horn  and  occupied  a  trJati- 
gulnr  jirea  not  so  vory  far  from  the  dorsal  median  sulcus  (Fig. 
2'J2,  ti).  These  fibres  were  evidently  thoae  which  represented 
continuations  of  the  twenty-sixth,  twenty-seventh,  and  twenty- 
eighth  iiiTve  roots  which  had  been  shoved  dorsalwurd  and  me- 
dialwanl  on  aceoxint  of  the  entrance  in  the  interval  of  fibres 
from  the  tweiity-fiftli,  twenty-fourth,  and  twenty-third  spinal 


,  ili-Bdii-rollimo  in  th<-  Kiiimil  ■'■■nl  nftrr  pxpvrimrntnl  tec- 
:il  riHiit.  lARiT  SiiiiKT  ami  Miiii/iT.  friiiii  .\.  vau  ttcliurhtiii. 
I  -ylrini'  iivr\<'iix  ili-  l'hi>iniiU'.  l^mvHiii.  1WT.  |ip.  SOit  bdiI  3M. 
11:;.  I  .1.  Ii-vi'li-fthi'  tnri-nly-siiiiiul  Kiiliwl  ni'rrr  ;  t.cruMiHM'litin 
Inln-iH'ii  llii>  li-vi-l  iir  llif  lwi-nti<-lh  nml  twi'nlV-MTnnd  iqriiMl 
aiinviTsi'  T«i'(iiiii  tlitiHiEli  thminlutthi-  Icrcl  iif  thi><>iithltvnt1i 
: ''.  (miiHviTM'  i>iv,'tiiiii  iif  ihi-i-iinl  in  thr  thimiHc  n^im;  e,  t»iu- 
I  iif  till-  (iinl  111  till'  li'Vi'l  iir  Ihi-  iTililliinui'lilia  wrrinlin. 


riH>ts  (nut  i-nt  in  the  experiment).  Sections  made  through  the 
ennl  iit  iiiiy  livcl  l>otwi'en  the  entrance  of  the  twentieth  and 
twcnty-scinnii  d<irs:il  ri»>t  showed  the  depenerated  fibres  of  the 
twcnty-si\tli,  twcniy-si-venth,  ami  twcnty-eijrhth  still  nearer  the 
medial  septum,  ami  in  addition  new  degenerated  fibres  of  the 
twi-iity-sccond  ami  twenty-first  ro<ita  just  dorso-medial  to  the 
dorsal  li.irn  of  gray  maitiT  (Kig.  ^fi-J.  /,).  HigheF  up,  at  the 
level  of  till'  cigliieenth  spinal  root,  the  degenerated  fibre«  be- 
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longing  to  the  dorsal  roots  which  had  been  cut  highest  up  were 
somewhat  separated  from  the  dorsal  horns  and  had  come  to 
occupy  the  middle  portion  of  the  dorsal  funiculus,  although 
they  were  still  separated  by  undegenerated  fibres  from  the 
bundle  of  degenerated  fibres  near  the  median  septum,  the  long 
continuations  of  the  twenty-sixth,  twenty-seventh,  and  twenty- 
eighth  roots  (Fig.  292,  c).  The  lateral  bundle  decreased  pro- 
gressively in  size  in  the  sections  taken  from  parts  of  the  cord 
higher  up.  Sections  made  through  the  thoracic  cord  showed 
an  ever-decreasing  number  of  fibres  in  both  bundles,  which  now 
began  gradually  to  approach  one  another  (Fig.  292,  d).  In  the 
cervical  cord  the  two  bundles  actually  fused,  and  Singer  and 
}.Idnzer  could  see  only  a  small  triangular  zone  of  degenerated 
fibres  situated  near  the  median  septum  (Fig.  292,  e).  Such  an 
experiment  would  seem  to  be  proof  positive  of  the  successive 
termination  of  the  ascending  continuations  of  dorsal  root  fibres 
at  different  levels  of  the  cord  and  of  the  gradual  and  progres- 
sive displacement  dorsalward  and  medialward  of  the  longest 
fibres.  Experiments  of  this  type  may  be  repeated  at  will,  and 
they  have  been  already  made  by  numerous  investigators,  among 
them  Oddi  and  Rossi,*  Berdez,f  Mott,  J  Tooth  and  Horsley, 
Barbacci,^  and  Langley  and  Anderson.  || 

The  study  of  secondary  degenerations  has  led  many  to  the 
view  that  in  the  fasciculus  gracilis  only  the  long  intramedullary 
continuations  of  the  sacral,  or  at  most  the  lumbar  dorsal  roots 
are  contained  (Schiefferdecker,  Singer).     On  the  other  hand. 


*  Oddi,  R.,  e  U.  Rossi.  Sulle  degenerazioni  consecutive  al  taglio  delle 
radici  posteriori ;  contributo  alio  studio  delle  vie  sensitive  nel  raidollo  spi- 
nale.  Monitore  zool.  ital.,  Siena,  vol.  i  (1890),  pp.  55-58 ;  also  Translation 
into  French  in  .\rch.  ital.  de  bioL,  Turin,  t.  xiii  (1890),  pp.  382-386. 

t  Berdez.  Recherches  experiraentales  sur  le  trajet  des  fibres  centripetes 
dans  la  moelle  epiniere.  Rev.  m6d.  de  la  Suisse  rom.,  Geneve,  t.  xii  (1892)^ 
pp.  300-316. 

X  Mott,  F.  W.  Experimental  Inquiry  upon  the  Afferent  Tracts  of  the 
Central  Nervous  System  of  the  Monkey.  Brain,  Lond.,  vol.  xviii  (1895), 
pp.  1-20. 

•  Barbacci,  0.  Die  secundftren,  systematischen,  aufsteigenden  Degenera- 
tionen  des  Rttckenmarks.  Centralbl.  f.  allg.  Path.  u.  path.  Anat.,  Jena» 
B<1.  ii  (1891),  S.  353-365. 

I  Langley,  J.  N.,  and  H.  K.  Anderson.  Notes  on  Degeneration  result- 
ing from  Section  of  Nerve  Roots  and  Injury  to  the  Spinal  Cord.  Proc.  of 
Physiol.  Soc.,  Lond.  (1894),  p.  xii. 
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Bastian,  Schultze,*  Hofrichter,t  Barbacci,  J  and  Bruns  belieTe 
that  the  dorsal  roots  of  the  thoracic  nerves  are  also  ecu- 
cerned  in  the  formation  of  the  fasciculus  gracilis,  Barbacci  even 
going  so  far  as  to  assert  that  the  dorsal  roots  through- 
out the  whole  extent  of  the  spinal  cord  help  to  build  (loirs 
fasciculi. 

We  turn  with  interest  to  the  examination  of  the  relativelv 
small  number  of  cases  in  human  beings  in  which  there  have 
been  lesions  (tumor,  trauma)  of  one  or  more  dorsal  roots  en- 
tirely or  almost  entirely  without  direct  injury  to  the  cord  itself. 
Let  us  see  in  how  far  the  results  of  study  in  such  cases  are  in 
accordance  with  the  findings  in  experimental  animals.  Such 
cases  have  been  reported  by  Lange,  Pfeiffer,*  Gombault,| 
Sottas,^  Mayer,^  Xageotte,J  Souques,t  Margulies,^  and  De- 
jerine  and  Thomas.**     These  cases,  though  relatively  few  in 


*  St'hultzc.  Beitrage  zur  Lchrc  von  dein  sckundfiren  Degeneration  iu 
UUckeniiiark  (ies  Mensi'hon  nel)st  Beinerkungen  ueber  die  Anatomie  der 
Tabes.     Arch.  f.  Psychiat.  u.  Nervenkr..  Bcrl,  Bd.  xiv  (1883),  S.  850-39a 

t  Hofrichtor,  K,    Ueber  aufsteigende  Dcgcnerationen  des  RQckenmarkes 
auf  (triiiKilago  jmthologisch-anatomisoher  Untersuchung.    Jena,  1888,  8vo. 
J  Op.  cit. 

*  Pfeiflfer,  R.  Zwei  Falle  von  Lahinung  der  untoren  Wurzeln  des  Pleius 
braohialis  (Klumpke'sohe  Lahniung).  Deutsche  Ztschr.  f.  Nervenh.,  Leipz., 
IW.  i  (iyi>l),  S.  :545-;370. 

I  Gornbaiilt,  A.     Bull.  SiX'.  anat.  de  Par.,  t.  Ixvi,  1891. 

'"^  Sottajj,  J.  Sur  IV'tat  de  la  nicxille  epiniere  dans  deux  cas  de  compres- 
sion des  racines  posterieures.  C'onipt.  rend.  Soc.  de  biol..  Par.,  9.  s.,  t  v 
(1893).  pp.  246-24H. — Contribution  a  Tetude  des degenerescenees  de  la  moelle 
oons<Vutivesaux  h'»sions  des  racines  post^rieures.  Kev.  de  ni6d..  Par.,  t.  ziii 
(1893),  pp.  290-:n3. 

0  Mayer,  C  Zur  pathologischen  Anatomie  der  Rnckonn]ark»hinter- 
strange.    Jahrb.  f.  Psyehiat.,  Leipz.  u.  Wien,  Bd.  xiii  (1804).  S.  57-107. 

X  Nageotte,  .F.  t^Uude  sur  un  eiis  de  tabes  uniradiculaiie  chez  un  para- 
lytiipie  general.     Kev.  neurol..  Par.,  t.  iii  (1895),  pp.  337;  369;  401. 

X  Souques.  A.  Degeneration  aseendante  du  faiseeau  de  Burdach  et  du 
faisceau  ('un^ifnrm.  cons^Vutive  k  Tatrophie  d'une  racine  cervicale  post^ 
rieure.     Conipt.  rend.  Soc.  de  l>iol..  Par.,  10.  s.,  t.  ii  (1895),  pp.  407-110. 

1  Margulies,  A.  Zur  Lrhre  voni  Verlaufe  der  hinteren  Wurzeln  beim 
Menschon.     Neurol.  (Vntralbl.,  Leipz..  Bd.  xv  (1896),  S.  347-351. 

**  Dejerine  .1.,  et  A.Thomas,  rontrilmtion  a  IVtude  du  trajet  intra-ni^ 
dullaire  des  meines  posterieurcs  dans  la  region  cervicale  et  dorsale  superieure 
de  la  moelle  epiniere;  sur  I'etat  de  la  moelle  epiniere  dans  un  cas  de  |UiralT- 
sic  radiculairo  infcrieure  du  plexus  brachial  d'origine  syphilitique.  Compt 
rend.  Soc.  de  biol.,  Par.,  10.  s.,  t.  iii  (1896),  pp.  075-679. 
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number,  have  been  very  carefully  studied,  in  two  instances  at 
least,  by  Marchi's  method.*  The  findings  thus  far  in  human 
cases  prove  that  in  man,  as  in  experimental  animals,  the  root 
fibres  on  entrance  occupy  a  tolerably  wide  zone  in  the  fasciculus 
cuneatus,  just  dorsal  to  the  gray  matter  of  the  dorsal  horn,  as 
this  is  the  area  which  is  found  degenerated  at  the  level  of  a 
diseased  dorsal  root.  In  sections  made  at  higher  levels  in  the 
cord  there  is,  as  in  animals,  a  gradual  diminution  in  the  num- 
ber of  degenerated  fibres  met  with  as  the  cord  is  ascended, 
proving  that  many  of  the  root  fibres  terminate  not  only  shortly 
after  entrance,  but  also  in  different  segments  of  the  cord  as 
they  are  passed.  Each  dorsal  root,  however,  contains  some  very 
long  fibres  which  ascend  to  high  levels  in  the  cord,  and  some 
to  the  medulla  oblongata.  The  long  fibres,  as  the  study  of  the 
degenerated  areas  has  demonstrated,  are  very  gradually  dis- 
placed from  the  region  of  the  dorsal  horn  as  the  cord  is  ascended, 
owing  to  the  entrance  of  new  dorsal  roots  at  each  segment.  As 
distinct  a  lamellation,  however,  corresponding  to  single  roots, 
as  would  appear  from  Singer  and  Miinzer's  experiments  to  exist 
in  the  monkey,  is  not  met  with  in  the  human  cord;  at  any 
rate,  in  the  midthoracic  region  there  is  in  the  fasciculus  gracilis 
an  intimate  admixture  of  the  long  fibres  of  the  lumbar  and 
sacral  roots  (C.  Meyer),  and  in  the  midcervical  region  the  de- 
generated area  corresponding  to  the  sixth  thoracic  root  (Mar- 
gulies'  case)  is  practically  identical  with  that  for  the  third 
thoracic  root  (Nageotte's  case)  and  with  that  for  the  first  and 
second  thoracic  roots  (Pfeiffer's  cases).  Still,  speaking  gener- 
ally, it  is  true  that  in  the  human  certncal  cord  in  its  upper  part 
the  portion  of  the  fasciculus  gracilis  nearest  the  median  septum 
represents  the  continuations  of  fibres  in  the  sacral  roots,  the 
lateral  portion  of  the  fasciculus  gracilis  corresponds  to  the  upper 
sacral,  lumbar  and,  possibly,  lower  thoracic  roots ;  the  portion 
of  the  fasciculus  cuneatus  adjacent  to  the  fasciculus  gracilis 
contains  the  fibres  from  the  thoracic  roots,  especially  the  upper, 
while  the  lateral  portion  of  the  fasciculus  cuneatus  consists 
mainly  of  fibres  from  the  cervical  roots.     It  is  probable,  how- 


*  It  is  highly  desirable  that  the  spinal  cord  of  any  individual  coming  to 
autopsy  with  such  a  lesion  should  be  removed  carefully  in  toto,  preserved  in 
ten-per-cent  formalin  or  fresh  M Oiler's  fluid,  and  handed  over  to  a  skilled 
neurologist  for  examination  as  soon  as  possible  after  its  removal. 
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ever,  that  individual  fibres  may  disobey  this  general  law  of  di*- 
tributioii.* 

The  change  in  the  form  of  the  degenerated  area,  as  well  as 
the  alteration  in  position,  is  wortliy  of  note.  The  case  described 
by  Margulies  may  be  chosen  as  typical  of  the  class  to  which  it 
belongs.  If  the  accompanying  figures  (Fig.  21^3)  and  their  leg- 
ends be  consulted,  the  relations  at  different  levels  above  the 
site  of  lesion  will  be  clearly  understood.  At  the  level  of  lesion 
(sixth  thoracic  root)  tlie  area  corresponding  to  the  entry  zone 
shows  degenerated  fibres ;  the  medial  displacement  with  arrange- 
ment of  the  degenerated  fibres  in  the  form  of  an  L  is  illustrated 
in  the  next  section  (level  of  first  thoracic) ;  still  higher  (level  of 
seventh  cervical  root)  the  degenerated  fibres,  of  which  tliere  are 
now  many  fewer,  occupy  a  triangular  area,  and  in  the  highest 
section  figured  (level  of  third  cervical  root)  the  typical  narrow 
dorso-ventral  band  lying  close  to  the  paramedian  septum  is 
clearly  visible. 

Thus  far  in  human  ('ases,  even  in  those  studied  by  Marchi's 
method,  continuations  of  dorsal  root  fibres  into  the  opposite 
dorsal  funiculus  bv  wav  of  the  grav  commissure  have  not  been 
described,  though  some  of  those  who  have  experimented  upon 
animals  assert  that  in  them  such  fibres  exist  (Oddi  and  Rossi,! 
Loowenthal,t  Paladino,*  and  lMlizzi||).  The  very  careful  English 
investigator  Mott,  however,  could  not  find  such  fibres  in  the 
monkev's  cord. 

Th-'  studies  of  secondary  degenerations  following  trauHvvrse 
/f'situt  uf  the  rn/'fi  from  compression,  trauma,  and  other  causes, 
while  of  the  greatest  service  for  the  information  they  have 
iitTorded  concerning  the  tracts  in  general  which  ascend  and  de- 


*  Tlio  studies  of  SclmlTi-r  with  Man^hiV  moth^Hl  (Arch.  f.  mikr.  Aiiat., 
15<nin.  H<1.  xliii)  show  this  to  U;  j)rolmble. 

f  Op.  cit, 

X  Lorwoiithal.  X.  \iMiorexporimoiitfll-anatoinis<.-hor  BoitragziirKenntni<« 
einii^or  F^jhnon  ini  (Johirn  ini«l  KnobMiiiiHrk.  Internat.  Monatschr.  f.  Anat. 
u.  IMiysiol..  Lripz.,  H.l.  x  (1H!)3),  S.  16H:  252:  209. 

•  Pahi'liiH*.  O.  CnntrihiiTion  aux  foniiaissances  sur  Ic  mode  se  coinporter 
ih's  racini's  Mors;ih'»i  «laiis  la  moelh'  opiiiir-n'  ct  siir  les  cflfets  consecutifs  &  leuk* 
n'stMtion.     Aivh.  itjil.  ilf  l>iol..  Turin,  t.  xxii  (1894).  pp.  53-59. 

I"  IV'llizzi.  (}.  H.  Sur  los  .h'^n'.n.'n'scenci's  si-cfondaires  dan«  le  systeme  ner- 
vfux  ('♦•iitral  a  la  suitt*  iK*  h'sions  d»'  la  inoi*llo  et  do  la  swstion  de  racines 
«pifiah's:  C(»ntrihutiori  a  ranaionnc  «'t  j\  la  physiologie  des  voles  ccrfbel- 
leusc's.     Arch.  ital.  do  biol..  Turin,  t.  xxiv  (1895-96),  pp,  89-184. 


_  _t  the  Wcl  of  the  siilli  thonii 

Terse  aectinn  at  the  IpTt'l  of  IhufintthorHFic  rout ;  ('.  traiiKVi 
level  of  th?  seventh  eerviml  riKit:  D.  Imusvtiiw  «ectiuii  n 
tnnce  ottlie  third  cerriiiil  nmt. 


446  THE  NERVOLTS  SYSTEM, 

scend  in  the  cord,  naturally  do  not  yield  as  satisfactory  data  for 
deductions  ('oneerning  the  intramedullary  course  of  the  dorsal 
root  fibres  as  do  the  "  purer "  cases  in  which  the  root  fibres 
alone  are  injured.  Still  they  have  supplied  us  with  a  mass  of 
confirmatory  evidence  of  very  high  value,  and  besides,  in  such 
cases  certain  features  are  met  with  which  demand  especial  con- 
sideration. 

Since  the  researches  of  Schiefferdecker  *  an  enormoas  num- 
ber of  cases  have  been  studied  by  many  different  iuvestigators. 
The  individual  researches  which  concern  the  dorsal  funiculi 
need  not  be  referred  to  here,  since  several  excellent  reviews 
of  the  status  of  this  subject  are  extant  —  notably  those  of 
T()oth,t  Barbacci,J  Redlich,^  von  Lenhos8ek,||  Schmaus,'^  and 
Philippe.^ 

Leaving  out  of  consideration  here  the  degenerations  in  the 
ventral  and  lateral  funiculi  of  the  cord,  the  statement  mav  be 
made  that  after  total  transverse  lesion  of  the  spinal  cord  the 
dorsal  funiculi  show,  in  addition  to  the  changes  which  result 
locally  from  the  direct  insult  (zone  of  traumatic  degeneration 
of  Schiefferdecker),  certain  secondary  degenerations  within 
them,  mainly  ahoir^  but  to  a  less  extent  also  below  the  level  of 
the  lesion. 

The  secondary  degeneration  in  the  dorsal  funiculi  above  the 
level  of  the  lesion  (ascending  secondary  degeneration)  varies 
accordintr  to  the  site  of  the  injury.  Thus,  if  it  be  situated  in 
the  lower  parts  of  the  spinal  cord  the  dorsal  funiculi  will,  just 
above  the  lesion,  be  degenerated  over  almost  the  whole  of  the 
transverse  section  of  these  funiculi.     Sections  a  little  higher, 


♦  S(lji<'fr«T(li*ckfr,  p.  l\'l»er  Rogencration. Degeneration  iind  Arohitektur 
(les  Rrickciiinarkes.  Arch.  f.  path.  Anat.,  etc.,  lierl.,  Bd.  Ixvii  (1876),  S. 
r42.  and  Bd.  Ixix  (1877),  S.  :J21. 

f  Tuotli.  op.  cit, 
X  Op.  rit. 

*  KcMllicli.  K.  Die  hintercn  Wurzoln  des  Rnckenmarkes  und  die  patho- 
Idgisclic  Anatf^nio  der  Tabes  dt)^^alis.  Arb.  a.  d.  Inst.  f.  Anat. u.  PhysioL 
d.  (VniralniTvensyst.  an  d.  Wien.  I'niv.,  Leipz.  u.  Wien.  (1892),  S.  1-53. 

I  np.  af.,  S.  *2x\). 

"  Sfhinau-,  V.  Sckundiiru  Degcnrrationen  ini  Rllckenmark.  Article  in 
Ijibsir>('h-(>strrta;r's  Kr^'obn.  d.  speziol.  path.  Morphol.  u.  Physiol,  des  Men- 
s('h«'ii  iind  drr  Thi.T.-.     Wiosbadt-n  ilSO«>),  S.  iVA\. 

0  Philipp.'.  CI.  Cnniribulion  a  IVtiido  anatomiqiie  ct  clinique  du  tabes 
ti(>r<alis.     I*ari.s,  1S97. 
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after  the  entrance  of  dorsal  roots  above  the  lesion,  show  node- 
generated  fibres  in  the  entry  zone  and  lateral  portion  of  the 
fasciculus  cuneatus.  The  zone  of  undegenerated  fibres  in- 
creases pTOgressiTely  in  size  in  sections  cut  at  higher  and  higher 
levels,  and  the  area  occupied  by  the  degenerated  fibres  as  pro- 
gressively decreases  in  size,  and  at  the  same  time  becomes  more 
and  more  limited  to  the  dorso-medial  portions  of  the  dorsal 
funiculi  of  the  two  sides.  In  the  cervical  region  the  degenerated 
fibres  are  entirely  or  almost  entirely  confined  to  the  fasciculus 
gracilis,  and  if  the  lesions  have  been  very  low  down  (say  below 
the  level  in  which  the  fasciculus  gracilis  commences)  they  will 
occupy  only  that  portion  of  the  fasciculus  gracilis  adjacent  to 
the  dorso-medial  septum.  The  degeneration  in  the  fasciculus 
gracilis  can  be  followed  up  to  the  nucleus  funiculi  gracilis  in 
the  medulla  oblongata.  Such  findings  prove  the  falsity  of  the 
doctrine  of  the  absolute  anatomical  individuality  of  the  fascicu- 
lus gracilis. 

If  the  lesion,  on  the  other  hand,  be  situated  in  the  upper 
thoracic  region,  in  addition  to  the  degeneration  of  the  fasciculus 
gracilis,  there  may  be  found  in  specimens  studied  by  Marchi's 
method,  at  a  suitable  period  {death  within  three  months)  after 
the  lesion,  degenerated  fibres  also  in  the  medial  and  dorsal  por- 
tions of  the  fasciculus  cuneatus,  though  the  fibres  are  so  few  in 
number  that  in  old  cases  studied  by  Weigert's  method  the  fas- 
ciculus cuueatns  on  each  side  may  appear  almost  or  entirely 
normal.  Transverse  lesion  of  the  cord  in  the  cervical  region 
always  results  in  degenerations  in  the  fasciculus  cuneatus 
which,  though  diminishing  in  volume,  may  be  followed  up  to 
the  nucleus  funiculi  cuneati  of  the  medulla  oblongata. 

Since  each  dorsal  root,  as  is  evident  from  the  foregoing 
studies,  contains  fibres  of  very  different  lengths,  we  are  justified 
in  speaking  of  "short"  dorsal  root  fibres,  "long"  dorsal  root 
fibres,  and  dorsal  root  fibres  of  "  intermediate  "  length  {fibres 
courfes,  fibres  longues,  et  fibres  moyennes  of  P.  Marie,  Fig.  294). 
The  root  fibres  are  distinguishable  not  only  by  their  length,  but 
also  by  their  topographical  relations  in  the  dorsal  funiculi,  and 
their  terminal  distribution  in  the  gray  matter  of  the  cord  and 
medulla. 

The  areas  of  secondary  degeneration  in  the  dorsal  funiculi 
below  the  level  of  a  transverse  lesion  (descending  secondary 
degeneration)  also  vary  in  form  and  extent  according  to  the 
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level  of  the  injury  to  the  epinal  cord. 
Ill  1883  Schiiltze  *  described  a  descend- 
ing degeneration  in  the  dorsal  funi- 
culi following  upon  a  legion  of  the 
cord  in  the  cervical  region  which  ei- 
tended  downward  about  two  and  s 
half  centimetres  in  the  fasciculus  rn- 
neatiis-  He  described  it  as  a  peculiar 
*'  commalike  degeneration,"  aud  stated 
that  he  had  found  it  also  in  two  ca/ta 
of  compression  of  the  thoracic  conl 
in  tlie  same  form  (level  of  lesion  not 
stilted).  He  also  met  with  it  in  a 
somewhat  different  form  in  one  case 
of  "  spontaneous  "  myelitis  of  the  mid- 
thonicic  region.  In  a  case  of  lesion 
opposite  tlie  ninth  thoracic  Tertebrs. 
leading  to  complete  destruction  of  the 
cord  at  this  lerel,  he  foand 
no  such  degeneration,  the 
■jj^^^^  dorsal  funicnli  being  entire- 
I  ly  intact  in  the  lumbar  re- 

gion. This  peculiar  degen- 
eration which  had  been 
earlier  (1880)  observed  by 
Westphal  and  by  Struiupell. 
has  been  repeatedly  found 
in  similar  cases  by  other  in- 
vestigators. In  Fig.  2itb  is 
shown  a  degeneration  of 
SchultEe's  comma  in  a  case 
of  compression  myelitis 
which  S.  Rosenheim  has  k^ 
cently  studied. 

The  lesion  was  situated 
in  the  first,  second,  and 
third  thoracic  segments,  be- 
ing   most    marked    at    the 


•  Sfhuhzc.  F.  Bvitriii.'. 
Rni'koniuBrk  des  Mtii^rK-lit 
TiiK-.    Aroh.  t,  INyt-biai. 


iiir  I-elire  vnn  dpr  secundlren  I>egeneratit>»  im 
)  nrbst  Iti'incrkiingpn  tieber  die  Anatomie  iler 
I.  Strvenkr..  Bcrl..  Bd.  sit  (188a>.  S.  S 
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level  of  the  second  segment.     The  figures  show  the  degenera- 
tion in  the  dorsul  funicnli  at  the  level  of  the  fourth,  fifth,  and 


Pio.  SB6.— Secondary  di'e<'n^ration  in  the  cioreal  fiinimli  below  »  transvctw 
Wiim  due  tn  oompn^finn  of  thp  ciinl ;  Wfincrt-I'al  prcpamtioa.  (Aflir  8. 
Roivnhoitn,  Johns  Hopkiiix  Hctip.  Bull..  vcjI.  ii.  aiinb>niica1  Tiuml<er,  Stpt.- 
Oct.,  Ifflfl.)  A,  li-vrl  iif  fill'  fourth  thonuic  wnnient:  1!.  Ic-vcl  of  Ihe  flfth 
thunieic  wtnnpnt ;  ('.  Ii-rcl  of  the  xixth  tiKinii'ic  HceniCTil.  The  tHHitiiin  of 
thp  deKcnciBtinR  comma  iif  Scbiiltzi'  in  very  <'viil('iit.  Fdt,  fuwU'iiliiii  tcn-- 
bnwpinBlig  latoraliii.  bImi  iIcK<'ni>nte<l. 

sixth  thoracic  segments.  Below  this  level  it  could  not  be  fol- 
lowed. The  form  and  position  of  tlio  comma  in  the  fasciculus 
cuneatus  parallel  to  the  medial  margin  of  the  dorsal   horn  of 
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gray  matter  is  well  illustrated.  The  thicker  head  end  of  the 
comma  is  directed  toward  the  gray  matter,  the  thin  tail  toward 
the  dorsal  surface. 

While  some  investigators  (Schultze,  Bruns,  v.  Lenhossek,  Fla- 
tau,  (jiiese)  liave  held  that  the  comma  corresponds  to  descending 
fibres  from  dorsal  roots,  others  (Tooth,  Marie,  Daxenberger,  Gom- 
bault  and  Philippe,  Dufour,  Hoche)  think  that  the  medallated 
axones  to  which  this  area  corresponds  represent  fibres  entirely 
independent  of  the  dorsal  roots,  and  that  they  have  their  cells 
of  origin  in  tlie  gray  matter  of  the  spinal  cord  itself.  The 
comma  would,  according  to  the  latter  view,  represent  a  longi- 
tudinal association  tract  connecting  different  levels  of  the 
gray  matter  with  one  another.  On  this  supposition  its  fibres 
would  be  intrinsic  to  the  cord  itself  {fibres  endogenes  of  P. 
Marie).*  The  comma  appears  to  have  never  been  observed 
below  tlie  level  of  the  ninth  thoracic  segment  until  the  recent 
study  of  Hoche,t  in  which  that  observer,  by  means  of  Marchi's 
method  in  a  case  of  compression  at  the  level  of  the  seventh 
thoracic  segment,  followed  its  fibres,  though  the  commalike 
arrangement  soon  disappeared,  as  far  as  a  point  between  the 
third  and  fourth  lumbar  segments.  He  was  able,  too,  to  deter- 
mine by  means  of  longitudinal  sections  what  became  of  the 
fibres  of  the  comma.  They  could  be  followed  as  fine  dotted 
fibrils  passing  obliquely  into  the  gray  substance.  In  this,  how- 
ever, they  must  quickly  change  their  plane,  for  Hoche  could 
never  follow  a  fibril  to  its  exact  termination.  The  long  extent 
of  these  fibres  in  the  dorsal  funiculi  (through  at  least  eight  seg- 
ments of  the  spinal  cord)  is,  as  Hoche  suggests,  scarcely  in  ac- 
cord with  the  idea  that  they  represent  descending  branches  of 
the  dorsal  roots.  In  the  second  case  of  compression  at  the 
junction  of  the  cervical  and  thoracic  cord,  Hoche  followed  fibres 
from  the  comma  as  low  as  the  level  of  the  twelfth  thoracic  seg- 
ment.    Longitudinal  sections  in  this  case  showed  the  degener- 


*  Marie,  P.  Logons  yur  les  maladies  de  la  moellc,  8',  Par.  (1892).  (G. 
Masson). — De  rnri*<ine  exopi'neou  endogune  dcs  lesions  du  cordon  posterieur 
eliidiees  (•()mi)arativeriient  dans  le  tabes  et  dans  le  pellagre.  Semaine  ni6d^ 
Par.,  t.  xiv  (1H9I),  f)i).  17-20. 

f  Iloche,  A.  Uebcr  secundare  Dofjcneration,  speciell  dcs  Gowers'sohen 
HQiideis  nebst  Betnerkunpen  iieber  das  Verhalten  der  Reflexe  bei  Compres- 
sion des  Uncrkenniarkcs.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxviii 
(18%),  S.  510-.543. 
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utcd  fibres  running  into  the  nucleus dorsnlis( Fig.  296).  Maun* 
advuncca  with  much  reserve  the  hypotheeia  that  since  it  extends 
tliroughout  the  whole  thoracic  cord,  diminishing  progressively 


Fio.  aw.— LonKitudinnl  si-rtion  in  an  ulramrt  fpiiBittal  diivrtion  at  the  le^el  ot  the 
viKhth  tlitiraviv  iii-rvc  showing  de}p.'niTiiti-<]  fibn'H  in  the  ilorKitl  funic^uli  after 
traiiftviT*'  leuii.n.  'After  A.  Hcwhi-,  Ari'li.  f.  Psyi'tiiat ,  ett.,  fieri.,  B<1. 
iiviii.  isne,  Taf.  I.  Fig.  S.I  a.  ventml  funiculux:  the  drEi'iicnited  fibres 
Ijeliiiig  in  part  to  tlie  dHwt'ndinK  Buiuu-mureinal  ilcp'ni'nitinn.  in  part  to 
shurt  puthB  of  the  bwiculi  pniprii  i  A.  sulixtiintlii  ki^si-k  cniitaininft  the 
nucleuH  diirgalix  Clarkii ;  r,  rlimal  ftiniculUH.  The  dcgenenited  fibrui  which 
lie  uii  the  riKht-hand  side  nrar  the  periphery  bidiniK  to  thii  path  w'  '  '   ' 


Held  of  FIccllalK. 
the  BUbsluntia  (triiiea  form,  on  a  comwp 
niniina-HhHpi'd  deKcnerutioii  flKurp.     The  i 
thix  level,  sinte  nil  the  Qbrea  turn  into  the  gray  aubetaDuc. 


[hauBlcd  below 


in  volume  as  the  cord  is  descended,  it  may  have  to  do  with 
the  innervation  of  the  intercostal  muscles.  Aa  a  matter  of  fact, 
ut  present  its  function  is  entirely  unknown.  In  18[^I',  at  the 
Moscow  Congress,  Obersteiner  expressed  the  opinion  that  the 
fibres  of  the  comma  are  exogenous,  and  in  IPOS  Zappert,t  work- 
ing in  Obersteiner's  laboratory,  made  a  strong  pica  for  the  view 
that  Schultze's  comma,  at  least  in  part,  is  formed  of  descending 
limbs  of  dorsal  root  fibres  of  the  upper  parts  of  the  spinal  cord. 
A  set  of  fibres  in  the  dorsal  funiculi  other  than  those  con- 
cerned in  the  formation  of  Schultze's  comma,  though  they  have 
■  been  confused  with  the  latter,  degenerate  downward  after  trans- 
verse lesion  of  the  cord.     Thna  in  one  of  the  cases  stndied  by 

•Mann,  L.  Klinist-he  und  analomisohe  BeitrSge  iur  Lfhrc  von  dcr 
Bpinalen  nemiplegie.  Deutsche  Zlselir.  f,  Xcrvenh.,  Lcipz.,  lU,  k  (1806\ 
S.  1-66. 

t  Zappert,  J,  BeitrilEC  ?.w  ahstcigendeii  Ilinlerstranesdogeneralion. 
Keurol.  Ccntralbl.,  Lcipz..  Bd.  xvii  <1808),  S.  102-107. 
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Barbacci,  *  in  wliich  there  was  compression  at  the  level  of  the 
sixtli  and  seventh  tlioracic  roots,  followed  by  deatli  at  the  end 
of  forty  days,  he  found  just  below  the  lesion  a  rather  diffuse 
degeneration  in  the  dorsal  funiculi.  Lower  down  he  found  in 
tlie  tninsverse  sections  a  stripe  in  the  lateral  part  of  the  fascic- 
ulus cuneatus  on  each  side,  wliile  much  lower  still  the  degener- 
ation was  limited  to  a  narrow  stripe  along  the  dorsal  median 
septum.  Barbac(;i  assumed  (almost  certainly  erroneously,  as 
will  immediately  be  clear)  that  the  degeneration  below  along 
tlie  septum  depended  upon  the  wandering  over  toward  the  me- 
dian line  of  a  certain  number  of  fibres  from  the  comma  higher 
up.  The  degeneration  here  mentioned  as  situated  near  the 
median  septum  has  also  been  observed  by  Redlich  f  and  by 
Daxenberger.J  The  region  concerned  together  with  a  peculiar 
triangular  field  carefully  described  by  Gombanlt  and  Philip]>e* 
does  not  degenerate  after  injury  to  the  dorsal  roots,  nor  does  it 
degenerate  in  an  ascending  direction  after  lesion  of  the  gray 
substance  below.  Gombanlt  and  Philippe  conclude  from  their 
studies  that  the  fibres  adjacent  to  the  septum,  the  so-called 
ihtrsomedinles  Sarralbiimhl  of  Obersteiner  (those  of  tlie  two 
sides  corresponding  to  the  centrum  ovale  of  Flechsig),  form 
at  tlie  level  of  the  lumbar  enlargement  and  a  little  below 
this  level  an  oval  fasciculus;  that  lower  down  in  the  couufl 
medulla ris   the   same   fibres    are   grouped   in   the   form    of    a 


*  Op.  cji. 

f  Uo«lli('h,  E.  Zur  Vorwenduiig  der  Marchi'schcn  F&rbung  bei  patholo- 
giscliiMi  Praparuteii  des  Nervensystems.  Centralbl.  f.  Nervenh.  u.  PsvchiaU, 
Col)lenz  u.  Lcipz.,  n.  P\,  IM.  iii  (1892),  S.  111-115.  See  also,  Die  hintcren 
Wurzt'li)  (U's  Ki'ickonniarkes  und  die  pathologische  anatomie  der  Tabes  dor- 
salis.    .lahrh.  f.  l^ychiat.,  Loipz.  ii.  Wii'ii,  IM.  xi  (1803-'98),  S.  1-52. 

J  Daxcnhorger,  IT.  Ucber  eincii  Fall  von  chronischer  Compression  dfs 
Ilalsinarks  mil  l)es(>ndoror  BcrQcksichtigiing  dor  secundllren  absteigenden 
iH'j^'oiuTatioiien.  Doutsche  Zlsclir.  f.  Ncrvenh.,  Leipz.,  Ikl.  iv  (1803-^), 
S.  100-150. 

*  (Joiiibault.  A.,  el  C.  Philippe,  rontribution  a  I'etudc  des  Idsions  sjst^ma- 
(isi'fs  dans  Irs  cordons  blaiic  de  la  inoello  opinitTo.  Artrh.  de  mM.  exper.  et 
d'aiiat.  i»ath..  Tar.,  t.  vi  (1894),  pp.  3G5 ;  5IIS. — Nolo  relative  &  la  signification 
de  la  soltToso  dos(fondanto  dans  Ic  cordon  postoricur  ct  aux  relations  qiiVlle 
alTecto  avoc  \o  centre  ovale  <le  Fleclisig.  Progros  mod.,  Par.,  2  s.,  t.  xix 
(1S04).  pf).  S.M-^riT. — fit  at  actui'l  dr  nos  oonnaissanees  siir  la  sTsteniatisation 
dcs  t'<»rd«>ns  postrrieurs  dr  la  nioolle  <'i>inir'n'.  S««mninc  iikhI.,  Par.,  t.  xv 
(IHO.V).  j.p.  KJl-lGO.  Also  Eng.  Transl.  in  Med.  Week,  Par.,  voL  in  (18»5), 
pp.  4:i:]-439. 
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triangular  area  {triangle  median  of  Gombault  and  Philippe) ; 
and  that  they  belong  to  the  association  systems  of  the  dorsal 
funiculi,  and  do  not  represent  continuations  of  dorsal  root 
fibres. 

Hoche's  study*  of  two  cases  of  compression  (one  at  the 
level  of  the  seventh  thoracic,  the  other  at  the  level  of  the  eighth 
cervical  segment)  has  gone  far  to  render  our  knowledge  of  the 
fibres  under  consideration  more  satisfactory.  By  Marchi's  meth- 
od he  has  been  able  to  follow  the  degenerated  fibres  in  both 
instances  throughout  the  whole  thoracic  cord  into  the  filum 
terminale.  In  his  second  case  degenerated  fibres  of  this  group 
could  be  followed  through  no  less  than  twenty-three  segments 
of  the  spinal  cord.  These  cases  are  so  important  that  they 
merit  consideration  in  some  detail. 

In  Hoche's  first  case  (compression  at  the  level  of  the  seventh 
thoracic  segment)  the  degenerated  fibres  belonging  to  the  sys- 
tem under  discussion,  even  just  below  the  lesion,  are  situated  on 
the  dorsal  periphery  of  the  cord  and  are  entirely  distinct  from 
those  of  the  comma  (Fig.  297).  A  little  lower  they  approach 
the  dorsal  median  septum  (without,  however,  leaving  the  dorsal 
periphery),  which  they  reach  at  the  level  of  the  eleventh  tho- 
racic segment.  The  fibres  lower  down  begin  to  be  arranged 
along  the  median  septum,  part  of  them  remaining  at  the  dorsal 
periphery,  however,  immediately  adjacent  to  the  septum  until 
the  level  of  the  second  lumbar  is  reached.  From  the  level  of 
the  third  to  that  of  the  fifth  lumbar  they  no  longer  reach  the 
dorsal  periphery.  But  from  the  level  of  the  fifth  lumbar  down- 
ward as  far  as  the  filum  terminale  the  degenerated  fibres  of  the 
two  sides  form  a  small  triangle,  the  narrow  base  of  which  corre- 
sponds to  the  dorsal  periphery  of  the  cord.  Throughout,  the 
comma  and  the  fibres  of  this  bundle  are  entirely  separate  and 
distinct.  They  have,  Hoche  emphasizes,  nothing  to  do  with 
one  another.  It  will  be  noticed  that  the  degenerated  fibres 
from  the  third  to  the  fifth  lumbar  segment  correspond  exactly 
to  Flechsig's  centrum  ovale,  and  that  from  the  third  to  the 


*  Hoche,  A.  Ueber  Verlauf  iind  Endigungswcise  der  Fasern  des  ovalen 
Hinterstrangfeldes  iin  Lendenmarke.  Neurol.  Centralbl.,  Leipz.,  Bd.  xv 
(t896),  S.  154-156. — Ueber  secundfire  Degeneration  speciell  des  Gowers^schen 
BQndels,  nebst  Beraerkungen  ueber  das  Verhaltcn  der  Reflexe  bei  Compres- 
sion des  Rnckenraarkes.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxviii 
(1896),  S.  510-543. 
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fifth  sacral  segment  they  correspond  precisely  to  the  triangh 
median  of  Gombault  and  Philippe. 

In  Uoche's  second  case  (compression  at  the  level  of  the 
eighth  cervical)  it  was  found  that  the  fibres  of  the  tail  of  the 
comma  in  the  upper  part  of  the  thoracic  cord  are  intermingled 
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Fio.  297.— Descend inp  doRonoration  Inflow  a  transvcrae  lesion  at  the  level  of  the 
Beventh  thonuie  wpment.  Methml  of  Marchi.  (After  A.  Hoche,  Axch.  f. 
Psycliiat..  et<-.,  B<'rl.,  Kd.  xxviii,  1896,  Taf.  ix.  Fig.  1.) 
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Fig.  288. — Descending  degenerations  below  a  lesion  (compression)  of  the  spinal 
cord  at  the  level  of  the  eighth  cervical  nerve.  Method  of  Marchi.  (After 
A.  Hoche.  Arch.  f.  Psychiat..  etc.,  Berl..  Bd.  xxviii.  1896,  Taf.  x,  Fig.  1.) 
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with  the  most  ventral  of  the  Rroup  of  fibres,  which  lower  down 
lire  conlinoi.1  to  the  dorsal  periphery  of  the  cord,  the  cfHirum 
ornle  of  Kh'chsig,  and  the  triaiiffl^  median  of  (lombault  and 
Philippe  (Fig.  'iUS).  Though  there  in  u  certuin  degree  of  inter- 
mingling, the  fibres  uiipear  to  represt^nt  entirely  distinct  bun- 
dles, iniismiich  as  longitudinal  sections  prove  that  the  fibre?  of 
the  t^ommii  pasiiiug  more  and  more  ventralward  finally  terminate 
by  bending  into  the  gray  subBtance.  They  do  not  wander  back- 
ward into  the  dorsal  bundle. 

The  fibres  of  the  dorsal  buntUe  terminate  at  different  levels, 
bnt  apparently  in  greatest  numbers  in  the  lower  lumbar  region, 
_j^_     _.''.,_  f.  inaiinmeh  asat  thelevel  of  the 

fourth  lumbar  segment  there 
are  as  many  as  360  or  400  de- 
generated fibres  (lesion  at  level 
of  eighth  cervical),  wherea!>  at 
the  level  of  the  third  sarral 
the  number  has  been  reduced 
to  i:iO  or  140,  at  the  level  of 
the  tifth  sacral  to  30  or  35, 
while  below  this  only  isolated 
fibres  were  foimd  (Hoche). 
The  ending  of  these  fibres  in 
the  gray  substance  is  clearly 
shown  in  Fig.  299. 

-V  very  valuable  confirma- 
tion of  the  views  above  pre- 
sented is  to  be  found  in  a  case 
of  fracture  of  the  twelfth  tho- 
raciu  vertebra,  with  complete 
crushing  of  the  cord  for  a 
length  of  some  2  cm.  in  the 
hnnhar     region,    studied     by 

init  i-niFiK  M I'll! Ill  I  <ii  iiiiH  icvi'i  im'       ,,  <      ii    -  •      t-  >- 

iH'iKiinunnniiiii  iiiuhiiKiiiiyi-iirviri     lirure    and    Muir,   of    Kdtn- 
Ti"^iii'wiMiM"'-Irt.II™rxhl!l^^^^^^^^^        burgh.*     As  the  patient  died 
about  five  weeks  after  the  in- 
jury, the  case  was  a  very  favorable  one  for  studying  the  degen- 
eration by  the  method  of  .Marehi.     Itruce  and  Muir  describe 

•  llruLv.  .\..  Hii'l  H.  Muir.  On  >i  Ili>s<'.-n<liii^'  Dfseneraliou  in  Ih» 
['..iMiriiT  fi.iijiiins  in  llir  Liiiiikir-SHiTul  Kc{;ii>ii  o[  tfae  Spiiwl  Cord. 
nr:>in,  I,oii<l..  to],  xix  (IMHUi.  [>p.  ICJ^KM."). 


Fii;.  3Ba.—^«HU\  limiiltoiltnHl  Mvliidi 
ut  tilt'  li-\i-l  iif  the  ttftli  toi-ml  nrrvc 
fnim  H  ciiKC  iif  t'linipn-Mdiln  itt  lh(> 
tsinl  at  Ihi!  li-\-i-l  <ir  ('.  viii.  Dckcii- 
cniliil  fihnti  Kluiiit'cl  )iy  llii-  nu-tli<iil 
<>r  Miirrlii.  <AR(T  A.  Ilwhc.  An-h. 
f.  l-Kfihiiil.  u.  X.TVfnkr..  IhTl..  lid. 


iRil  I'liluiim.  (ni-  fViini  rliv 
It  this  Icvi'l :  b.  KniMiiiitiu  ktIwh. 
^■iniiiBllici-i'llH'ifiliiTcnlnilniiuil: 
nil  k>iikU<'Ii  ivllH  in  tliix  n'fiiiin ;  r, 
[liinnil  AiiiirliU  i-Iih-  tn  Ilic  rniilillc 
iini-.  Willie  iif  tlic  viwi'Ih  ni-nr  the 
liii<l<IU'lin<'hi>inKMlrDi-k.  Tli<'ltl>n« 
iiflhi-truiiiKUlarfli'liKIniiirnvwiiii) 


GROUPING  AND  CHAINING  TOGETHER  OF  NEURONES.      457 

and  figure  accurately  the  course  and  termination  of  the  descend- 
ing degenerated  fibres  with  especial  reference  to  the  bundle 
here  under  discussion.  They  suggest  that  the  bundle  be  called 
the  "  descending  septo-marginal  tract." 

Besides  the  two  distinct  and  now  fairly  sharply  defined  de- 
scending tracts  which  have  just  been  described,  there  is  a  third 
group  of  fibres  in  the  dorsal  funiculi  which  degenerate  down- 
ward, which  should  not  be  passed  over  unmentioned.  In  Fig. 
297,  at  the  level  of  the  eighth  thoracic  segment  (first  segment 
below  the  lesion  in  Hoche's  first  case),  is  seen  a  small  group  of 
fibres  in  the  form  of  a  stripe  along  the  dorsal  septum  in  its 
ventral  half.  This  does  not  reach  the  gray  matter.  It  has 
already  vanished  in  the  section  through  the  ninth  thoracic 
segment.  In  Fig.  298  the  same  fibres,  though  in  greater  num- 
ber, are  seen  in  Hoche's  second  case  at  the  level  of  the  first 
thoracic  segment,  forming  a  field  on  each  side  of  the  median 
line  converging  toward  the  septum.  They  also  have  vanished 
at  the  level  of  the  second  thoracic  segment  (second  segment 
below  the  lesion).  These  fibres  evidently  are  extremely  short 
(length  of  one  or  two  segments). 

Finally,  immediately  below  a  transverse  lesion  a  few  fibres 
degenerate  diffusely  over  almost  the  whole  of  the  transverse 
section,  extending,  however,  rarely  beyond  one  segment,  an  area 
usually  spoken  of  as  being  within  the  limits  of  '^traumatic 
degeneration." 

The  question  now  arises.  What  is  the  origin  of  these  various 
descending  tracts?  We  know  from  studies  made  by  Golgi's 
method  {inde  infra)  that  fibres  of  two  sorts  descend  in  the 
dorsal  funiculi — (1)  the  descending  limbs  of  bifurcation  of  the 
fibres  of  the  dorsal  roots,  and  (2)  the  medullated  axones  of  cells 
situated  within  the  gray  matter  of  the  cord.  What  is  the  rela- 
tion of  each  of  these  varieties  of  fibres  to  the  different  groups 
of  descending  fibres  determined  by  the  study  of  secondary  d^ 
generations  ?  It  must  be  confessed  that  at  present  we  do  not 
know  for  certain.  Dufour*  supports  the  view  of  Tooth  and 
Marie.  Studying  a  case  of  compression  of  the  lumbo-sacral 
nerve  roots,  he  found  in  the  lower  part  of  the  cord  the  two 

♦  Dufour.  Quelques  considerations  sur  le  groupement  des  fibres 
endogenes  dans  les  cordons  postcrieurs  de  la  moelle,  k  propos  d'un  cas  de 
compression  des  nerfs  de  la  queue  de  cheval.  Compt.  rend.  Soc.  de  biol.. 
Par.,  10.  8.,  t.  iii  (1896),  p.  449. 
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bundles  (comma,  septo-marginal  bundle)  entirely  free  from  de- 
generation, and  believes,  therefore,  that  the  fibres  entering  into 
the  dorsul  roots  play  no  part  in  their  formation.  He  believes 
that  each  of  these  descending  tracts  represents  an  association 
bundle  (endogenous  fibres)  of  varying  appearance,  according  to 
the  level  at  which  one  observes  it,  the  one  being  represented 
by  the  comma  of  Schultze  in  the  upper  part  of  the  cord,  by 
"  cornu-commissural "  fibres  in  the  lumbar  and  upper  sacnd 
regions,  and  below  the  fourth  sacral  level  by  fibres  which  he 
terms  the  faisceau  sidcihcommissural  posferieur.  The  second 
bundle,  consisting  in  the  main  of  longer  association  fibres,  is 
situated  in  the  thoracic  cord  in  the  dorso-lateral  zone  of  the 
dorsal  funi(;ulu8 ;  at  the  level  of  the  twelfth  thoracic  and  first 
lumbar  segment  it  reaches  the  dorso-medial  angle  of  each  dor- 
sal funiculus.  At  the  level  of  the  third  lumbar  root  it  corre- 
sponds to  the  Centrutn  ovale  of  Flechsig,  while  at  the  fifth  sacral 
it  becomes  the  triangle  midian  of  Gombault  and  Philippe.  It 
is  obvious  that  the  consensus  of  opinion  at  present  is  in  favor  of 
the  endogenous  nature  of  the  fibres  of  these  two  bundles.*  The 
idea  of  lloche  that  the  shorter  longitudinal  association  fibres 
tend  to  run  in  the  more  ventral  bundle,  the  longer  in  the  dorsal 
bundle,  is  very  attractive  and  entirely  in  accord  with  the  general 
law  of  the  tendency  of  the  longer  fibres  to  be  situated  near  the 
periphery  of  the  white  matter.  This  law,  though  generally  rec- 
ognized, has  been  recently  very  definitely  formulated  by  Flatau.f 

*  It  must  be  pointed  out,  however,  that  such  reliable  observers  as  Dejer- 
ine  and  Spiller  (Dcjerinc,  J.,  ot  W.  (r.  Spillor.  Contribution  k  I'utude  de  1a 
t<;xturc  des  cordons  posterieurs  de  la  moelle  epiniere ;  do  trajet  intramodiil- 
laire  des  rnciness  posterieures  sacrees  et  lombaires  inf^rieures.  Comp.  rend. 
Soc.  de  bi.>l.,  Par..  10.  s.,  t.  ii  (1805).  pp.  622-(J28)  contest  the  extension  of  cn- 
doj^enous  fibres  into  the  triangJp  media?i^a.n(i  von  Lenhossek  (op.eit,^  S.  298) 
believed  (in  1^95)  that  the  middle  part  of  the  fasciculus  cuneatus,  about  the 
rci^ion  of  Schultze's  c<^mma.  and  perliaps  also  the  field  on  the  dorsal  periph- 
ery, urc  1h<>  areas  in  which  the  de^K'ending  limbs  of  the  dorsal  root  fibres 
run  longitudinally.  Whether  or  not,  in  view  of  the  findings  of  Hoche. 
Brucr  and  Muir,  and  Dufour  in  human  cases  studied  since  1895,  thes^e  ob- 
servers havo  alten'd  the  opinions  then  expressed,  I  do  not  know.  The  care- 
fully studied  case  of  K.  Sehaffer  {op.  n't.)  showed  no  degenerated  fibres  in 
the  me<lian  zone  of  Kleehsic:,  but  this,  as  IIoclio  suggests,  may  be  due  to  the 
fact  that  four  months  after  the  lesion  is  too  late  for  satisfactory  study  by 
Marclii's  metliod. 

f  Fljitau,  K.  Das  Ocsetz  drr  rxeentrischen  F^ngcning  der  langen  Rahnen 
im  ]tack(>nmark.    Ztschr.  f.  klin.  Med.,  Herl.,  B<1.,  xxxiii  (1897),  S.  5&-15a. 
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The  descending  limbs  of  the  fibres  of  the  dorsal  roots  must, 
however,  occupy  some  position  in  the  cord.  Whether  they  are 
diffusely  distributed  over  the  fasciculus  cuneatus  or  are  limited 
to  the  region  of  the  entry-zone  or  to  the  third  group  of  descend- 
ing fibres  (very  short  fibres)  described  above,  or  finally  are  inter- 
mixed with  the  endogenous  descending  fibres,  we  do  not  know. 
Serial  sections  in  the  next  human  case  of  pure  lesion  of  a  dorsal 
root,  coming  to  autopsy  at  a  period  suitable  for  study  by  the 
method  of  Marchi,  should  settle  this  much-vexed  question. 

In  view,  then,  of  the  extreme  probability  that  descending 
endogenous  fibres  really  exist  in  that  part  of  the  cord,  the  ques- 
tion naturally  arises,  Are  there  not  also  ascending  endogenous 
fibres  in  the  dorsal  funiculi  ?  Such  a  question  could  scarcely 
be  answered  by  the  study  of  degenerations  following  either 
lesion  of  the  roots  or  compression  of  the  cord.  It  could  be 
more  satisfactorily  attacked  by  Golgi's  method,  and  Ramon  y 
Cajal  *  and  v.  Lenhossek  f  have  described  the  cell  bodies  of 
neurones  situated  in  the  dorsal  horns  whose  axones  enter  the 
dorsal  white  funiculi.  Von  Lenhossek  states  that  the  axones 
may  be  mixed  with  ascending  and  descending  limbs  of  sensory 
fibres.  The  number  and  course  of  the  ascending  endogenous 
axones  in  the  cord  of  the  rabbit  can  be  exquisitely  established 
by  utilizing  the  experiment  of  Ehrlich  and  Brieger.J  Mtlnzer 
and  Wiener  *  have  demonstrated  in  the  rabbit  by  this  method 
(tying  the  abdominal  aorta  and  thus  causing  anaemic  necrosis  of 
the  gray  matter  of  the  lumbar  spinal  cord)  the  course  of  the 
ascending  endogenous  fibres  of  lumbar  origin  (Fig.  300). 
While  the  results  of  such  an  animal  experiment  may  not 
of  course  be  directly  transferred  to  the  human  cord,  still  it 
is  in  the  highest  degree  suggestive  and  should  put  us  on  the 
alert  for  the  isolation  of  these  fibres  in  human  beings.  It  is 
of  no  inconsiderable  interest  to  note  that  the  ascending  bundle 
in  the  rabbit  occupies  a  region  in  the  upper  part  of  the  cord 

♦  Rain6n  y  Cajal,  S.  Nuevas  observacionos  sobre  la  estructura  de  la 
medula  cspinal  de  las  mamiferos.     Barcelona  (1890). 

t  Op.  ciU  S.  354-356. 

X  Ehrlich  iind  Brieger.  Uebcr  die  Ausschaltung  des  Lendenmarkgrau. 
Ztschr.f.  klin.  Med..  Berl.,  B<1.  vii,  Suppl.-Hft.  (1883-'84),  S.  155-164. 

•MQnzer,  E.,  und  H.  Wiener.  Beitrftge  zur  Anatomie  u.  Physiologic  des 
Centralnervensystems.  Erste  Mitth.  Uelier  die  Ausschaltung  des  Lenden- 
markgrau. Arch.  f.  exper.  Path.  u.  Pharmakol.,  Leipz.,  Bd.  xxxv  (1895). 
S.  113. 
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nloii^  tlie  mi-diun  septum,  rumindiiig  one  very  much  of  the  posi- 
tion taken  by  t)ip  cicstreiidiug  bundle  of  endogenous  fibres  ill  th« 
lumbar  eord  of  luiniuii  beings.* 


Ihr  spinnl  (iinl  of  n  Rihbit  elrvpn  dayn  sftn- 

I |iri™.iiii>..l    Ili<'iii>r(iiri>r liiHlr.     IVin-mmtiil  atini  sbiinMl    hy  the 

)ii.-(h<.<l  ..r  Mimlii.  I  Afl.r  ^riina■^  iiiul  Wivwt.  Anli.  f.  eip«r.  Piith.J.  n 
I'hiiniiHkiil.,  lj-i|n.,  Bil.  xxxv,  ixm,  Tiif.  ii.  KSick.  H.  u.  and  10.)  A,cniMitr«- 
liini  llinHiuli  Oil- liinilnr  iiinl  iir  lliv  h-\i'1  "f  llu' Invnty-flfth  n»t:  B.  crow 
scc'tlriii  tliniiiiEh  llii-  limiT  Ihiiniric  iiinl  iir  IIk'  Icvi'I  at  the  twpntivth  nut ' 
('.  i-niiSM-rliiiii  thniiiKli  tlKMiTvii'iilninliil  llif  l.vH  "f  the  xrvpnth  «n>t. 


■Til..  |Kissil>ilily  ■ 
cuniliiioiiij  of  iliv  rxjH 


iiriiinii  lit  t'xcigenous  ftbrea  bj  tb« 
not  Ih.' Wt  sight  oL 
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To  conclude  this  part  of  our  subject,  therefore,  it  may  be 
stated  that  secondary  degenerations  prove  that  the  dorsal  fu- 
niculi are  composed  of  two  distinct  sets  of  elements — (1)  intra- 
medullary continuations  of  dorsal  root  fibres  (central  prolonga- 
tions of  spinal  ganglion  cells)  and  (2)  medullated  axones  of 
neurones  whose  cell  bodies  are  situated  in  the  gray  matter  of 
the  cord.  The  former  (extrinsic  or  exogeneous  fibres)  make 
up  the  main  bulk  of  these  funiculi,  the  latter  (intrinsic  or  en- 
dogenous fibres)  partly  descending,  partly  in  all  probability  as- 
cending, make  up  a  small  portion  of  certain  fairly  definitely 
defined  regions.  The  position  of  the  ascending  limbs  of  the  bifur- 
cated exogenous  fibres  corresponding  to  dorsal  roots  of  different 
levels  have  been  tolerably  well  established;  the  topographical  rela- 
tions of  the  descending  limbs  have  not  yet  been  satisfactorily 
made  out.  I  venture  to  suggest  that  all  of  the  fibres  of  the  dorsal 
funiculi  whose  cells  of  origin  are  situated  within  the  spinal  cord 
itself  be  included  under  the  term  "  fasciculus  dorsalis  proprius." 
This  would  bring  the  dorsal  funiculi  into  agreement  with  the 
ventral  and  lateral  funiculi  where  the  fasciculus  ventralis  pro- 
prius and  the  fasciculus  lateralis  proprius  contain  respectively 
both  ascending  and  descending  intersegmental  fibres  of  varying 
length.  The  fasciculus  dorsalis  proprius  would  then  be  divisi- 
ble into  a  ventral  portion  (fibres  of  the  comma,  etc.)  and  a  dorsal 
portion  (Bruce  and  Muir's  dorsal  septo-marginal  bundle,  Ober- 
steiner's  dorsomediaUs  Sacralhiindely  fibres  of  the  Centrum 
ovale  of  Flechsig,  of  the  median  triangle  of  Gombault  and 
Philippe,  etc.). 

The  fibres  of  the  dorsal  roots  terminating  at  different  levels 
in  the  cord  and  medulla  have  been  followed  into  the  gray  mat- 
ter by  means  of  Marchi's  method,  though  their  exact  terminal 
relations  can  be  made  out  only  with  the  aid  of  the  method  of 
Golgi  {vide  infra).  The  majority  of  fibres  of  the  fasciculus 
gracilis  which  reach  the  medulla  oblongata  turn  in  to  end  in 
the  nucleus  funiculi  gracilis,  those  of  the  fasciculus  cuneatus 
to  end  in  the  nucleus  funiculi  cuneati.  Marchi's  method,  how- 
ever, shows  that  in  cases  of  compression  of  the  cord  not  all  the 
fibres  of  the  dorsal  funiculi  which  reach  the  medulla  end  in  the 
gray  matter  of  the  nuclei  graciles  et  cuneati.  A  certain  num- 
ber of  those  which  ascend  in  the  fasciculus  gracilis  are  con- 
tinued on  as  fibrse  arcuatae  externae  dorsales  into  the  corpus 
restiforme  and  terminate  first  in  the  cerebellum,  while  a  cer- 
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tain  number  aro  continued  us  fibrae  arcuatse  interna  and  can  be 
seen  decuasiiting  in  the  rapbe  {Fig.  301).  Many  of  the  flbres 
of  t!ie  fasciculus  (runeatua  too  do  not  tDrminate  in  the  nuclei 
of  the  niednUa  (K.  SchafEtr,  Hoclie),     In  Fig.  302  degenerated 


Vin.  301.  Flo.  30:!. 


Fio.  3U1.— TrniiKvcrw  Kti'tiim  thnmeh  the  miiliillu  ohliinitnta  in  the  Trffimi  of 
lliediTUiiKltii>li'iimiw''iniiii  ( Afb'rA.  Kiichi.'.  Arch.  f.  IVychiHt.  u.Nt^rvvnkr., 
HitI..  RiI.  xiviij.  IMM.  TuC,  ix.  Vin.  4.)    A«'i>iiiliiiR  dciiencnitiuD  fiilliiwiDK 

ll-tdllll  at  till- ll'Vvl  (if  lll(!!U'l-t1lllllhunu.'I('Hl>gIIII-Ilt.      Tlie  lI«SC>QI>THt«l    flhiH 

Hit'  Mniiuil  liluck  by  Miin'lirti  nu'thiwl,  «.  Tuiu'IcuIuh  vi-ntRilatFiBliH  MipriA- 
■■iulU  (iinvi'nii.  Ih-KFiii'rHl<il  fihn-M  rmin  the  duiml  fuiiii-ali  »n;  hpcii  aiiKiiig 
the  flbnp  un'UHla-  interna', 
Flu.  302.— ('niHSK'cliiiii  tliniiiith  tlu- nipiliillu  nhlonmtii  at  tlic  li-vvl  of  the  lower 
hair  of  till-  iiiirli'itH  oliVHrix  Infi-riiir  rnnii  th<-  witw  rwv  as  thu  jimiiling 
Cin'in:  n.  (Itin-iTH'  IiiitkIIi'.  (Aflir  A.  Ilwhi-,  An'h.  T.  PKyvhiat.  u.Nervenkr, 
Ik-rl,.  Bd.  iiviii,  INWI.  Taf.  ii.  Fig,  B,  i 

fibres  coming  from  the  area  representing  the  uppermost  end  of 
the  nucleus  fasciculi  cuneati  can  be  seen  forming  two  banda, 
one  turning  dorsal,  the  other  rentral  to  the  substantia  gelati- 
nosa  an<l  tractus  spinidi!:  nervi  trigemtni  to  enter  the  corpus 
restiforme  through  which  the  cerebellum  is  reached.* 

•This  jiuth  ti)  the  cerubellmii  apiNtrinitly  corresponds  tn  v.  Knlliker's 
HiHlerMranijkleiiihirnlinhH.  The  iiiitrnsMHl  jmth  from  the  doreal  fiinicult 
rtiriict  U>  \\\v  i-iTfiieliiiMi  is  ile.iignateil  by  some  of  the  Gennan  writers  > 
direrUs  iiiigrkreu'.li-f  IliiiferKtraHntMnhimni/iifiim.  In  1693  Hugh  T.  Pal- 
rink,  of  I'bicii!,'!)  (I'l'licT  ail  fst  Pi  genii  i»  ni-ppntralion  rsch  tolaler  <juel«chun{; 
des  Hilckeiimarkw.  An-h.  f.  I'sychiat.  n.  Ncrvenkr..  Berl.,  M.  isv  (I80S).  S. 
tRtl~N44),  descrihcU  alrophv  of  (Hires  la  thi-  dursal  part  of  the  corpus  resti- 
ti)riiie  tollowinc  upon  tranxverse  liwion  al  Junction  of  the  pars  cervicalia 
with  the  pars  Ihnracnlis  of  tlie  spinal  oni.  Fibres  from  the  fasciculus  (fi*- 
eilis  to  the  lateral  part  of  llif  corpus  reslifurme  were  found  bjr  Muvhi's 
method  to  ^>e  Jet'eiK-rateil  in  a  case  of  ci impression  of  the  cauda  efiuina  by 
A.  Sou  q  lies  and  O.  MHrJncsi'o  (T>i-^(,i'ncratinn  ascend  ante  de  lanioelle:  <le- 
stnietiiin  par  compression  icutc  dc  lu  queue  dc  oherol  et  du  cone  terminaL 
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The  study  of  Weigert  preparations  in  longitudinal  and 
transverse  section  has  shown  the  existence  of  many  bundles  of 
meduUated  nerve  fibres  extending  between  the  white  matter  of 
the  dorsal  funiculi  and  the  gray  matter  of  the  cord.  When 
these  were  first  observed  they  were  believed  to  be  medullated 
fibres  having  their  origin  in  cells  of  the  cord,  and  passing  from 
it  into  the  dorsal  white  funiculi.  But  after  the  study  of  second- 
ary degenerations  which  proved  that  the  majority  of  the  white 
fibres  of  the  dorsal  fasciculi  are  in  reality  continuations  of  dor- 
sal root  fibres,  the  belief  became  current  that  the  medullated 
fibres  now  under  consideration  represent  mainly  the  terminals 
of  the  dorsal  root  fibres  themselves,  running  in  to  end  in  the 
gray  matter  of  the  spinal  cord.  Exhaustive  and  exact  descrip- 
tions of  these  medullated  fibres  were  given  by  various  investi- 
gators who  studied  Weigert  specimens ;  the  course  of  the  bun- 
dles, their  arrangement  in  groups,  and  the  relative  size  of  the 
individual  bundles  have  been  known  for  a  long  time.  Even  more 
had  been  made  out.  Gerlach,  for  example,  had  mentioned  the 
entrance  of  bundles  of  fibres  from  the  dorsal  funiculi  into  the 
ventral  horns,  an  observation  which  was  confirmed  by  Waldeyer, 
Flechsig,  and  others.  Von  Kolliker  described  the  termination 
of  many  fibres  from  the  dorsal  funiculi  in  the  nucleus  dorsalis 
(Clarke's  gray  column),  and  von  Lenhossek  had  called  attention 
to  the  relation  of  the  dorsal  root  fibres  to  the  dorsal  white  com- 
missure. As  we  shall  see,  these  descriptions,  so  far  as  they  were 
purely  objective,  still  have  their  value.    They  contain,  however. 


Presse  m^l.,  Par.  (1895),  pp.  75-78.  See  also  the  interesting  case  reconied  by 
F.  V.  S51der,  Neurol.  Centralbl.,  Leipz.,  Bd.  xvi  (1897),  S.  308).  Edinger  as 
early  as  18a5  (Znr  Kenntnis  des  V'erlaufes  der  Hinterstrangfasern  in  der 
Medulla  oblongata  und  im  unteren  Kleinhirnschenkel,  Neurol  Centralbl., 
Leipz,,  Bd.  iii  (1885),  S.  73-76)  had  stated  that  a  few  fibres  pass  directly  from 
the  fasciculus  gra(;ilis  around  the  periphery  of  the  cord  as  flbra^  arcuatw 
externa?  dorsales  to  enter  the  corpus  restiforme.  The  direct  termination  of 
axones  of  dorsal  root  fibres  in  the  cerebellum  of  the  same  side  seems  to  be 
better  established  for  man  than  for  animals.  The  study  of  ex{)erimental 
degenerations  by  Marchi's  method  in  animals  by  such  careful  observers  as 
Sherrington  and  Molt  failed  to  reveal  blackenetl  fibres  beyond  the  nuclei  in 
the  medulla.  (See  Sherrington,  C.  S.  Note  on  the  Spinal  Portion  of  some 
Ascending  Degenerations.  J.  Physiol.,  Cambridge,  vol.  xiv  (1893),  pp.  255- 
802;  and  Mott,  P.  W.  Exf)erimental  Inquiry  uj»on  the  Afferent  Tracts  of 
the  Central  Nervous  System  of  the  Monkey.  Brain,  Lond.,  vol.  xviii  (1895), 
pp.  1-20.) 
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where  objectivity  was  neglected,  many  grave  errors  which  had 
to  be  corrected  by  means  of  studies  made  after  the  method  of 
Golgi.  In  the  light  of  the  newer  results,  however,  these  older 
descriptions  are  by  no  means  devoid  of  value.  They  can  now 
be  correctly  interpreted,  and  indeed  a  combination  of  the 
results  of  studies  by  Golgi 's  method  with  those  belonging  to 
the  older  technique  alone  permit  us  to  understand  satisfactorilj 
the  anatomical  relations  of  this  portion  of  the  spinal  cord. 


CHAPTER   XXXIV. 

CENTRAL   AXONES   OP   PERIPHERAL  CENTRIPETAL   NEURONES. 

(Contifiued,) 

The  dorsal  root  fibres  as  studied  by  Golgi's  method — Y-shaped  bifurcation — 
Ascending  limbs  and  descending  limbs — Collaterals  and  terminals. 

Nowhere,  perhaps,  in  the  nervous  system  has  the  applica- 
tion of  Golgi's  method  been  of  greater  service  than  in  the  study 
of  the  spinal  cord  itself.  Golgi's  *  early  studies  of  the  cord, 
which  are  of  the  A'ery  highest  importance,  were  soon  followed 
by  the  epoch-making  contributions  of  Ramon  y  Cajal,t  von 
Kolliker,!  van  Gehuchten,*  von  Lenhossek,|  and  Retzius.-^  An 
excellent  epitome  of  the  newer  work  on  the  spinal  cord  is  to 
be  found  in  the  thorough  article  of  Pelaez.^ 

The  chief  results  afforded  by  the  study  of  Golgi  pictures  of 
the  intramedullary  continuations  of  the  dorsal  root  fibres  may 
briefly  be  summed  up  as  follows : 

(1)  The  fact  has  been  completely  demonstrated,  by  way  of 
direct  observation,  that  the  majority  of  the  fibres  of  the  dorsal 
funiculi  represent  continuations  of  dorsal  root  fibres — that  is,  of 
the  central  prolongations  of  spinal  ganglion  cells. 


*  Golgi,  C.  Studi  istologici  sul  midoUo  spinale.  Arch.  ital.  per  le  mal. 
nerv.,  Milano,  vol.  xviii  (1881),  pp.  155-165. 

t  Ram(Sn  y  Cajal,  S.  Contribucion  al  estudio  de  la  estructura  de  la 
m^dula  espinal.     Rev.  trimest.  de  histol.  (1889),  No.  3  y  4. 

X  von  Kolliker,  A.  Ueber  den  feineren  Bau  des  Rttckenmarks  Sitzungsb. 
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(2)  The  dorsal  root  fibre  has  been  shown  to  divide  by  Y- 
shaped  division  soon  after  entrance  into  the  cord  into  an 
ascending  and  a  descending  limb. 

(3)  The  limbs  soon  assume  a  perpendicular  direction,  the  de- 
scending one  terminating,,  after  a  short  course,  in  the  gray 
matter  of  the  cord,  the  ascending  limb  running  usually  for  a 
much  longer  distance  in  the  white  matter  before  terminating 
in  the  gray  matter  of  the  central  system. 

(4)  In  its  course  each  fibre  gives  off  a  large  number  of  col- 
laterals, so  that  each  central  prolongation  of  the  spinal  ganglion 
cells  comes  into  conduction  relation  with  neurones  of  the  cord, 
not  only  in  the  region  where  its  fibre  terminates,  but  at  many 
levels  in  the  cord  wliere  its  collaterals  end. 

(5)  The  majority  of  the  medullated  fibres  seen  in  Weigert 
specimens  entering  the  gray  matter  from  the  dorsal  funiculi 
represent,  not  the  terminals  of  the  dorsal  root  fibres,  but  collat- 
erals given  off  by  the  ascending  and  descending  limbs  during 
their  course. 

(G)  The  terminals  and  collaterals  of  the  dorsal  root  fibres 
which  enter  the  gray  matter  end  there  among  or  upon  the  cell 
bodies  and  dendrites  of  the  neurones  of  the  cord.  They  are 
never  connected  otherwise  than  secondarily  with  cells,  or  with 
dendrites,  or  with  collaterals  or  side  fibrils,  or  with  the  branches 
of  axones  of  cell  type  II.* 

(7)  The  number  of  collaterals  given  off  by  different  portions 
of  the  continuations  of  the  dorsal  root  fibres  varies,  and  as  a  re- 
sult the  different  areas  in  the  dorsal  funiculi  do  not  agree  as 
regards  their  richness  in  collaterals. 

(8)  (Jreater  precision  has  been  reached  in  determining  the 
exact  conduction  relations  of  the  various  groups  of  fibres  in  the 
dorsal  fasciculi  to  definite  groups  of  neurones  within  the  spinal 
cord.     (Ventral  horn  cells;  cells  of  nucleus  dorsalis,  etc.) 

(lol^i  preparations  show  that  on  their  entrance  into  the  cord 
at  the  dorso-lateral  sulcus  the  dorsal  root  fibres  plunge  in  directly 
medial  to  the  marginal  zone  of  Lissauer,  where  the  axones  are 
seen  to  be  grouped  into  two  more  or  less  definite  portions,  a  lat- 
eral group  of  delicate  axones  and  a  medial  group  of  much  coarser 
axones.     Very  soon  after  entrance  each  fibre  divides  by  means 


*  The  few  co]itrifu«,'ul  fibres  of  dorsal  roots  met  with  hi  manjr  animals 
f(.»rin  an  exception  to  this  rule.    They  have  their  origin  in  ceUs  in  the  cord. 
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of  a  forkliko,  Y-shaped  division  at  an  angle  between  150°  and 
160°  into  two  diviaions,  an  ascending  and  a  descending  branch. 
While  Golgi  asserts  that  Y-ehaped  division  is  the  exception, 
not  the  rule,  Ramon  y  Cajal,  von  Kulliker,  von  Lenhossek,  and 
van  Gehuchten  have  never  met  with  fibres  which  do  not  bifur- 
cate. A  successful  Golgi  preparation  studied  in  longitudinal 
section  through  the  zone  of  entrance  is  very  convincing  (Fig. 
303).     The  fine  fibres  of  the  lateral  bundles  undergo  Y-shaped 


[O.  309. — Kutraiice  nf  thi^  fibres  of  the  ilorml  roots  into  the  ilonal  funkula*  of 
the  Hpinsl  ronl  cif  an  cmbryu  cslf.  ( After  A.  van  (h'liuclitvn,  Anaromip  du 
syHt^iiK  iiervi'UX  ilc>  I'huiiiQif,  Lnuv.,  2.  eel.,  18BT.  p.  30g.  Fig.  ItOS. )  A  nU'm 
nbrr.  a,  in  Bit-n  <livi<linK  '"to  two  brBiivhcH.  J>.  b.  thi'  UMi-nilhig  anil  d<«ci'iid- 
inj(  limbs  of  bifiirratiiiu.  FVim  thi-  atom  fibir.  n.  a  roIlaU-ral.  c,  in  iwa  to 
tawe.  A  number  of  roilat^ralBBriiunt;  frum  the  limbs  uf  birurcatiuu  ut  uthcr 
fibres  are  illuttraUMl. 


division  nearly  all  at  the  same  spot,  but  the  coarse  fibres  of  the 
medial  bundle  undergo  division  in  very  different  parta  of  the 
entry-zone.  In  the  human  embryo  many  of  the  fibres  of  the  lateral 
portion  divide  first  after  entrance  into  the  snbatantia  gelatinosa, 
and  these  divisions  in  part  pass  backward  out  of  the  substantia 
gelatinosa  into  the  dorsal  funiculi  again;  certain  others  of  the 
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divisions  run  up  and  down  perpendicularly  in  the  so-called 
longitudinal  bundle  of  the  dorsal  horn.  As  regards  calibre,  the 
ascending  limbs  and  descending  limbs  differ  much.  Von  Len- 
hossek  describes  tbe  ascending  limb  as  being  often  coarse  and 
thick,  while  the  descending  limb  may  be  very  delicate,  some- 
times resembling  a  collateral  branch.  Von  KoUiker,  on  the 
contrary,  could  not  convince  himself  of  any  constant  difference 
in  the  calibre  of  the  two  limbs.  Studies  with  the  method  of 
vital  staining  with  methylene  blue  have  taught  Ramon  y  Cajal 
that  as  a  rule  the  two  limbs  are  of  equal  thickness,  but  that  in 
from  ten  to  fifteen  per  cent,  of  the  fibres  the  size  differs  essen- 
tially, and  then,  as  a  rule,  it  is  the  descending  limb  that  is  the 
finer. 

As  regards  the  course  of  the  ascending  and  descending 
limbs  after  division,  this  differs  according  as  a  fibre  belongs  to 
the  lateral  bundle  or  to  the  medial  bundle,  and  indeed  varies 
for  the  fibres  of  the  same  bundle.  The  ascending  limb  of  a 
lateral  fibre  runs  upward  in  the  marginal  zone  of  Lissauer  for 
a  greater  or  less  distance.  All  the  fibres  in  Lissauer ^s  fasciculus 
are,  however,  relatively  sliort.  Some  of  the  fibres,  as  mentioned 
above,  run  upward  in  the  white  matter  of  the  dorsal  horn. 
The  descenilint;:  limb  of  the  lateral  fibre  runs  only  a  short  dis- 
tance below  the  ])oint  of  bifurcation  before  terminating  in  the 
gray  matter. 

The  ascending  limb  of  a  fibre  of  the  medial  bundle  runs  up- 
ward in  the  cuneate  fasciculus  of  Burdach ;  it  may  be  short, 
running  in  to  terminate  soon  in  the  gray  matter;  or  it  may  be 
longer,  passing  up  many  segments  of  the  cord  before  terminat- 
ing ;  again,  it  may,  if  it  form  one  of  the  longest  fibres,  reach 
even  the  medulla  oblongata  to  terminate  in  the  nuclei  of  the 
dorsal  funiculi  situated  there  (Fig.  304) ;  or  it  may  even  go  past 
these  nu(*lei  without  stopping  to  enter  the  cerebellum  by  way 
of  the  corpus  restiforme.  Unfortunately,  thus  far  it  has  been 
impossible  to  follow  in  sections  prepared  by  Golgi's  method  a 
given  fibre  for  a  distance  of  more  than  a  few  segments  of  the 
cord,  but  in  view  of  the  combined  results  obtained  with  Golgi's 
method  and  from  secondary  degeneration  this  statement  must 
be  held  to  be  correct. 

The  termination  of  the  fibres  has  been  studied  very  carefully. 
They  bend  in  at  various  levels  at  right  angles  to  enter  the  sub- 
stantia gelatinosa  beyond  wliich  tliey  divide  into  a  number  of 


GROUPING  AND  CBAININO  TOGBTHBR  OP  NEURONES.     469 


Nucteut  funiculi  rb> 


Nucteut  /unicMli  ifi-ncif  i 


Bodii  dartnUi    ' 


Fio.  304— flchcme  indicating  the  rim 
peripheml  Kpinul  citntripi-lal  nruni 
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fine  branches  wliich  run  ventralward,  exhausting  themselves  by 
multiple  division  and  ending,  just  as  do  the  collaterals,  in  vari- 
ous regions  of  the  gray  matter  of  the  cord.  Those  that  run  as 
far  as  the  medulla  before  terminating  end  in  the  same  way  in 
the  nucleus  funiculi  gracilis  or  nucleus  funiculi  cuneati.  Those 
entering  the  cerebellum  are  believed  to  follow  the  general  course 
of  the  fibres  of  the  corpus  restiforme. 

The  form,  course,  grouping,  and  terminal  distribution  of  the 
collaterals  (since  their  discovery  in  1881  by  (iolgi  and  the  dem- 
onstration of  their  large  number  and  great  significance  by  Ramon 
y  (.'ajal)  have  been  studied  by  nearly  all  investigators  who  have 
worked  with  (iolgi's  method  (Fig.  305).  As  a  result  we  have 
now  very  definite  information  concerning  these  fine  branches. 
They  are  best  studied  in  longitudinal  sections  where  they  can 
be  seen  arising  by  little  wedge-shaped  2)ro(?csses,  sometimes  from 
the  main  axone  of  the  spinal  ganglion  cell  before  its  bifurcation, 
but  more  often  from  the  ascending  and  descending  limbs  which 
result  from  tlu;  Y-shaped  division.  In  the  meduUated  fibre  the 
origin  of  the  collateral  a2)pears  to  c()rres2)ond  always  to  a  node  of 
Kanvier.  Not  only  do  the  fibres  of  the  dorsal  roots  always 
bifurcate  at  a  node  of  Uanvier,  bnt  the  collaterals  are  alwavs 
given  off  at  such  nodes.  It  is  interesting  to  note  that  the  col- 
laterals have  recently  been  demonstrated  in  the  spinal  cord  by 
Banion  y  C'ajal  *  with  the  methylene-blue  method. 

The  total  number  of  collaterals  given  off  from  a  single  dorsal 
root  fibre  is  unknown,  but  may  probably  be  very  large.  In  cali- 
bre each  collateral  is  much  finer  than  the  axone  from  which  it 
has  its  origin  unless  we  extrept  the  ultimate  terminal  branch  of 
the  axone  which,  as  von  Lenhossek  suggests,  may  not  improjv 
erly  be  looked  u])oti  as  the  last  collateral  given  off  by  an  axone. 
The  <*ollatcral  runs,  as  a  rule,  almost  at  right  angles  to  the  fibre 
from  which  it  arises,  passing  straight  or  in  a  curved  direction 
ventralward  into  the  gray  matter.  That  the  cytoproximal  por- 
tion (►f  the  fibre  i)ossesses  many  more  collaterals  than  the  cy to- 
distal  porti(ni,at  least  as  far  as  the  ascending  limb  is  concerned, 
is  iiKule  very  probable  by  von  Lenhossek's  studies,  since  he  has 


*  IiMiin'iu  y  CmjmI,  S.  I^os  «*o1  at  oralis  y  liifiircaoioiips  de  las  raiec-S  piwtc- 
rion-s  <h'  la  iiUMliila  t.'S])inal,  (Inmost radas  (.-on  el  azul  d«  metilcno.  Rev.  de 
fliii.,  l«Tap.  y  fjinn..  Madrid,  t.  x  (IHOO-'OT).  })p.  3-S:  also.  El  azul  de  meti- 
lt'ii(»  m  los  ccutros  iu*rvios<is.  Kt*v.  trinn'st.  microg.,  Madrid,  vol.  i,  pp. 
lol-'JO:]. 
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never  beon  able  to  discover  collaterals  coming  off  from  the  fibres 
conetituting  the  fasciculus  gracilis.*    This  inequality  of  differ- 
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ent  portions  of  the  fibre  as  regards  the  origin  of  collaterals  in 
all  probability  explains  the  varying  richness  of  the  different  re- 


•  In  contrast  with  von  I.enhossi^k's  statements  may  be  ineiitiotied  the  flnd- 
itigs  at  SchaHer  (Heitraj;  zur  Histologic  iler  seeumlfiron  Degpneration ;  zu- 
pleich  ein  Beitrag  ziir  R llekenni ark san atomic.  Arth.  t.  inikr.  Anat.,  Bonn, 
Btl.  xliii  (1894),  S.  252-286).  wlio  fonm]  by  Marchi's  method  dcp-n crated  fibres 
Miending  from  the  level  of  the  lower  thoracic  cord  all  the  way  up  to  the 
medulla  in  the  faseieiilusciinealus  giving  off  al  oH/etvi*  degenerated  collat- 
erals which  radiated  into  the  ventral  horns.  It  ia  perhaps  jiossible  that  he 
has  mistaken  tcrminaU  fur  collaterals. 
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gioiiH  of  the  domttl  funiculi  in  colliitcrals  which  is  ehowTi  in  both 
trunsversfi  und  lonpitiuliiial  sections.  Tiie  grou)>infi  of  the  eol- 
laterals  in  aiiimuls  sliowet  eonio  minor  difFerenoc»  from  thoiv 
found  in  Ituman  cipocimons.    According  to  vuu  I^nhossC'k,  whose 


:a.  300.  Si'hi-nii'  <ir  thi-  Kinirtiin'  i>r  tht  Hiiiniil  run] ;  ncrvr  cells  ahmm  in  the 
li'fl  luill'  <ir  tlic  nml :  nillntonils  shuwii  in  Uit>  riftlit  Inlf  of  thu  ciinl.  i  Aftrr 
M.  viin  lA'iili<iw«'k,  l)iT  fi'incn-  Dnu  Uoi  XiTvi-iwyiitrnui,  ct»:.,  2.  AiiH.,  BitI.. 
\m\  Tat.  vi.  I  Ijitt  luiir  (if  the  nail,  lilai^k  wIIh  btb  in»t(ir;  nidi'  flhrilx  an- 
Mi'ii  nritiiiiK  rnnii  their  usoiicn:  rrrln-IlKutf  buitiimrric  iwunmrn,  th<-axi>iit« 
jciiiiifi  ti' Ilii' vcnlnil  hikI  iHlvnil  hiiiiruti.  Ainiiift  thcM-lliv  then-Hit  in  ttip 
riui'li-iiH  iliiniullK  line)  wniu'  i-cIIr  in  the  MilwtalitU  KchlilKioi  of  Kniiiiiilu: 
nillnti-niiK  an'  I'lmiiiiK  ulT  fnmi  ihr  Mxinuit.  Vlidta  ei>)lHM«  niminlniunii  fvlls 
iir  hricniiiiiTii-  iiciiniiit'H :  inu-  U  mvn  n-iiiUnK  Ito  axiinc  inl»  tlit-  urty  Milt- 
ntaiiiv  or  liic  olhi-r  hiili' ;  tlir  (itlirm  M>nd  thtir  uuiiini  Into  the  irblti-  miittiT 
iif  thiMiiiimiiiutiiidi-.  The  irni-n  ii-ilHwiiiI  tlii-lraii»irst»thvdiiTn>l  flinimli. 
In  hiiip  IS  ^^1'■■  n-tini<i>nt<-<l  n  (inlKi  <'<'ll  "t  Type  11.  <>r  diindnKint.  In  thr 
iJRht  hnir  of  till'  iiinl  the  hluib  vtMii  n-pivm-nt  tlir  irll  iKidii-n  oT  periphcnl 
H-nsory  ni-iinincK  xiliinliil  in  i)h>  kuiiiiIuhi  iqiiiuile:  th<-ir  ifiitml  pnilanga- 
tiuiisHTi'  Hhowii  i-iilcrini!  Ilu-Aiiinni  mnl  hm  ilioHil-nHit  niim,  wliirhblfliiuitr 
■ml  M-Tidi'iiliili-nilKMIi-Tniliiiili'  In  various  jnrts  of  the  Hulwbintin  jiriiiea. 
ThUH  the  ri'llcx  nilLiti'niis  an-  M-<'n  jpiiiiK  lo  tlie  ventral  hom;  other  n>l- 
latcrulK  enter  the  niii-li-ii"  domiiis:  wiiiu'  iww-  tlirongb  (ha  doiMl  nnnmimuir 
lo  thc'ilcirhul  homof  llieo|iiHeiite  wde.  The  Tri\  eiJhitejBlii  conic  Arum  the 
irhilelil>n-Hiiitheveiiir;iliinil  liitenl  fliiiieiili :  the  Ubr  niilatenU  belons 
to  the  axoui-sof  iK'ti-niinerii'  neiinnii'H:  the  lirown  (ullateinlii  and  tertninaU 
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..  i-enlniliiteniliK  Ciiwend:  4.  fiisriculiiH  ■'■'relH-iiiMinnaliii':  S,  fiuciculua 
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careful  studies  of  the  cord  have  furnished  us  with  a  wealth  of  data 
concerning  them,  the  collaterals  in  human  beings  may  be  classi- 
fied as  follows  (Fig.  306) : 

Collaterals  ending  in  Dorsal  Horns  and  Middle  Part  of  Sub- 
stantia Grisea, — (a)  Meridian  bundles  passing  through  Rolando's 
substance  (not  including  those  which  are  most  medially  placed  and 
which  are  reflex  collaterals).  These  give  rise  in  the  gray  matter  to 
that  fine  complex  of  delicate  niedullated  fibres  known  in  the  bibli- 
ography as  **Waldeyer's  nucleus  of  the  dorsal  horn/'  Tliey 
probably  stand  in  conduction  relation  to  the  small  nerve  cells  situ- 
ated there. 

(6)  Collaterals  arising  from  the  fasciculus  cuneatus  medial  to 
Rolando's  substance  from  the  same  area  which  gives  rise  to  the  reflex 
collaterals  {vide  infra),  although  much  less  numerous  than  these. 
They  turn  transversely  lateral  ward  to  terminate  in  end-arboriza- 
tions among  the  cells  of  the  central  part  of  the  dorsal  horn. 

(c)  Collaterals  from  the  most  ventral  part  of  the  fasciculus  cune- 
atus passing  into  the  dorsal  horns.  These  stain  brown  with  Golgi's 
method,  quite  differently  from  the  other  groups  of  collaterals.  They 
go  past  the  nucleus  dorsalis  but  enter  into  no  relation  with  its  cells. 

(d)  Collaterals  which  end  in  the  substantia  gelatinosa  of  Ro- 
lando, few  in  number  and  extremely  fine.     Origin  not  clear. 

Collaterals  ending  in  Ventral  Horns  of  Gray  Matter. — This 
group  includes  the  majority  of  those  irregular  bundles  seen  in  Wei- 
gert  sections  passing  in  from  the  cuneate  fasciculus  of  Burdach 
partly  ventrt>-medial  to  the  substance  of  Rolando,  partly  through 
the  medial  half  of  this  substance,  forming  S-shaped  curves  in  the 
gray  substance  and  passing  ventralward  directly  into  the  ventral 
horns  (Abschniirurigsbundel  of  Schwalbe,  Bogenbilndel  of  Red- 
lich).  These  bundles  are  largest  in  the  intuniescentise  of  the  cervical 
and  lumbar  regions.  They  arise  always  in  the  sickle-shaped  field 
of  the  fasciculus  cuneatus  in  the  region  before  spoken  of  as  the 
*'  entry-zone.''  ♦  The  collaterals  of  this  group  are  the  largest  in  the 
human  cord.  They  can  be  divided  into  two  sub-groups:  (1)  The 
main  mass  passing  in  fanlike  convergence  from  the  fasciculus 
cuneatus  into  the  gray  substance  through  the  narrow  space  just 
ventro-medial  to  the  medial  angle  of  the  substantia  gelatinosa  of 
Rolando,  immediately  behind  the  point  of  bending  of  the  margin 
of  the  dorsal  horn.     They  are  joined  here  by  the  second  group,  (2) 

♦  Pierret's  Bandehitea  extemes ;  StrOm pell's  Wnrzelzoyie ;  Westphal's 
Wurzeleintriftszone ;  von  Bechterew*s  OrundbUndeln  der  Ilinterslrdfige ; 
Flechsig's  vordere  Wurzelzone ;  von  Lenhoss^k's  Einatrahlungszone  or 
Reflexkollateralenzotve, 
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consistini^  of  a  number  of  bundles  less  closely  arrangped  w'hich  arise 
nearer  the  point  of  entrance  of  the  dorsal  roots  into  the  cord  in  the 
lateral  region  of  the  fasciculus  cuneatus  dorsal  to  Rolaudo's  sub- 
stance. Tliey  liave  to  i)cneti*ate  tlie  substantia  gelatiiiosa  before 
uniting  witli  the  main  group  ventral  to  this  substance.  All  these 
collaterals  iReflexkoUntenilen  of  von  Kolliker,  Manojo  neusitiro- 
moter  of  Rimiou  y  Cajal)  spread  out  into  the  ventral  liorn,  calyx 
fashion,  and  exhaust  themselves  by  multiple  division  in  auiong  the 
cell  bodies,  dendrite's,  and  sidtj  fibrils  of  the  lower  motor  ueuriine& 
On  their  way  forward  tlniy  give  otf  side  twigs  which  come  in  con- 
tact with  cells  of  the  dorsal  horns.  The  curious  behavior  of  these 
collat<»rals  in  the  mouse  and  rabbit  where  the  contact  relations  are 
mainly  with  the  side  fibrils  of  ventral  horn  cells  has  been  referred 
to  above  (Scn^^tion  V).  Bethe's  *'  fundamental  exi)eriment ''  (see  page 
272)  is  also  inU^resting  in  this  connection. 

Collaterals  ending  in  the  Nucleus  Dorsalis  (Clarhiu  St  ill  in- 
gi). — This  very  important  gin^up  of  collaterals  has  it6  origin  exclu- 
sivelv  in  the  middle  aiva  of  the  fasci(;ulus  cuneatus,  never  from  the 
fiisciculus  gracilis.  The  dark  color  of  Clarke's  nucleus  in  Weigerl 
specimens  is  due  to  the  presence  in  it  of  large  numbers  of  medul- 
lat<'d  collaterals  (and  terminals)  of  doi*sal  i*oot  fibres.  The  bundles 
of  collaterals  pass  into  the  gray  matter  and  reach  the  dorsal  side  of 
the  nucleus,  wh(>i*e  they  split  into  two  divisions,  one  of  which  passes 
to  each  side  of  the  nucleus,  so  that  in  crriss  sections  the  nucleus  re- 
minds one  of  a  b(;rry  on  a  stem  or,  if  one  will  think  of  the  structure 
in  three  diuK^nsious,  the  long  nucleus  dorsalis  can  be  thought  of  as 
a  log  lying  in  a  trough.  They  form  by  their  multiple  divisions 
baskt^ts  about  the  individual  cells  of  the  nucleus,  each  fibre  coming 
into  contact  with  the  bodies  and  dendrites  of  several  cells.  In  be- 
ginning tabes,  specimens  stained  by  Weigert's  method  often  show 
that  tlK'se  line  feltworks  of  medullated  collaterals  in  the  nucleus 
dorsalis  aiv,  along  with  Lissauer*s  marginal  zime,  the  first  elements 
to  disappear. 

Collaterals  going  info  the  Dorsal  Commissure  of  the  SpinaJ 
Conl. — The  dorsal  commissuiv  in  most  animals  is  made  up  mainly 
of  sensory  collaterals.  Von  Lenhossc'k  states  that  in  human  beings 
it  is  ct)mj)ose(l  exclusively  of  such  libres.  They  have  their  origin 
in  tlic  most  ventral  part  of  the  fa.s<*iculus  cuneatus  on  the  dorsal 
bonier  of  the  gray  coniniissun;.  They  appear  to  end  in  the  opposite 
<lo^^al  horn,  spreading  out  in  a  huslilike  fashion  ventral  to  the 
medial  porti(»n  (»f  Kolando\s  su))stance,  where  they  break  up  into 
end  arborizations. 

No  collaterals  fronj  the  dui'sal  rout  fibi'es  or  dorsal  fasciculi  Iiave 
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been  traced  through  the  ventral  commissure.*  Whatever  direct 
decussation  occurs  m  the  domain  of  the  peripheral  sensory  neurone 
is  accounted  for,  therefore,  by  the  sensory  collaterals  forming  the 
dorsal  commissure.  That  such  a  feeble  mass  of  fibres  can  account 
for  the  sensory  decussations  of  the  physiologists  no  one  can  sup- 
pose. This  sensory  decussation  must  much  rather  be  explained, 
therefore,  by  the  assumption  of  crossing  of  the  axones  of  centripetal 
neurones  of  the  second  order  or  of  higher  orders  (vide  infra). 

As  to  the  actual  terminals  of  the  axones  of  the  dorsal  root 
fibres,  they  behave  just  as  do  the  collaterals  running  in  to  end 
in  the  different  portions  of  the  gray  matter  of  the  cord  and 
medulla.  There  is  an  important  gap  in  our  knowledge  in  one 
particular.  We  do  not  certainly  know  as  yet  whether  or  not 
the  terminals  of  fibres  of  different  length  have  specific,  that  is 
to  say  non-homologous,  end  stations.  Should  the  affirmative  be 
proved,  the  importance  of  such  a  fact  for  physiology  and  pa- 
thology is  obvious. 

We  have  now  described  the  spinal  peripheral  sensory  neu- 
rones as  far  as  they  are  known  in  their  entirety,  including  the 
bodies  of  the  spinal  ganglion  cells,  their  peripheral  prolonga- 
tion, the  nerve  endings  on  the  surface  of  the  body  and  in  the 
organs,  and  finally  the  central  prolongations  of  the  spinal  gan- 
glion cells,  their  Y-shaped  divisions,  the  course  and  termination 
of  the  ascending  and  descending  limbs,  as  well  as  the  origin 
and  distribution  of  the  collaterals  given  off  from  their  various 
parts.  When  we  think  of  individual  neurones  of  this  group, 
for  example,  a  neurone  corresponding  to  one  of  the  sacral  roots 
whose  peripheral  process  collects  through  a  large  number  of 
divisions  impressions  from  the  lower  extremity,  perhaps  even 
from  the  sole  of  the  foot,  while  its  central  prolongation,  leaving 
the  spinal  ganglion  and  entering  the  spinal  cord  in  the  lum- 
bar region,  gives  off  collateral  branches  to  the  nerve  cells  in  the 
cord  of  that  region,  while  its  main  ascending  division  passes 
up  through  the  whole  length  of  the  spinal  cord  to  terminate  in 
the  nucleus  funiculi  gracilis  of  the  medulla  oblongata,!  giving 

*  Mingazzini  (Sulla  fina  stnittiira  del  midollo  spinale  delF  uomo.  Riv. 
sper.  di  freniat.,  Reggio-Emilia,  vol.  xviii  (1892),  fasc.  ii,  Fip.  i)  has  pictured 
collaterals  which  he  assumes  to  be  sensory  passing  through  the  ventral  com- 
missure; but  V.  Lenhossek  denies  the  existence  of  any  such  fibres,  and 
T.  K5Iliker  agrees  with  him. 

+  Possibly  even  in  the  cortex  of  the  cerebellum. 
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oif  on  its  way  very  many  collaterals  to  very  different  segments 
of  the  cord,  we  see  at  a  glance  the  marvellous  distribution  of 
which  an  individual  cell  is  capable.  It  is  doubtful  if  anywhere 
else  in  the  animal  kingdom  a  greater  extension  or  a  more 
manifold  contact  relationship  is  met  with  in  any  cell.  Each 
spinal  neurone  may  be  thought  of  with  the  spinal  ganglion  cell 
as  its  centre,  having  a  fanlike  distribution  of  each  process,  the 
peripheral  fan  collecting  impressions,  the  central  fan  giving  off 
impulses  to  the  various  sensory  end  stations  with  which  the 
fibre,  hy  means  of  its  terminals  and  collaterals,  conies  into  con- 
duction relation.  The  sum  total  of  all  the  sensory  end  stations 
in  the  spinal  cord  and  medulla,  as  has  heen  seen,  includes  prac 
tically  all  regions  of  the  gray  matter.* 


*  In  one  sense  the  so-called  motor  areas  of  the  cord  are  also  in  ]mrt  the 
primary  end  stations  of  the  {leripheral  centripetal  conduction  path«.  The 
efforts  which  have  constantly  been  ma<le  to  separate  centripetal  from  cen- 
trifugal paths  have  nearly  always  gone  too  far.  ('entripelHl  and  centrifugml 
paths  form  parts  of  units  of  which  the  centripetal  path  is  one  liiub,  while 
the  centrifugal  i)ath  is  the  other.  As  far  as  present  knowled£;e  warrants, 
this  relation  holds  good  not  only  for  the  lowest  centres,  but  also,  though  id 
more  complex  form,  throughout  the  whole  nervou9  system. 


CHAPTER   XXXV. 

PERIPHERAL    CEREBRAL    CENTRIPETAL    NEURONES    COLLECTING 

BODILY   IMPRESSIONS. 

Those  pertaining  to  the  nervus  vagus  and  nervus  glossopharyngeus — Those 
pertaining  to  the  nervus  vestibuli — Those  pertaining  to  the  nervus  inter- 
medius — Those  pertaining  to  the  nervus  trigeminus. 

2.  Centripetal  Heuronei  of  the  Fint  Order  (collecting  Bodily  Impreuions)  con- 
nected with  the  Bhombenoephalon. 

The  peripheral  centripetal  or  sensory  neurones  of  the  cere- 
bral nerves  collecting  impressions  from  the  head  and  neck  and 
from  some  of  the  internal  organs,  agree  in  general  in  their  form 
and  relations  with  what  has  been  described  as  characteristic  of 
the  peripheral  spinal  centripetal  neurones.  The  cell  bodies  of 
these  cerebral  peripheral  sensory  neurones  are  situated  in  the 
ganglia  on  the  cerebral  nerves.  Their  peripheral  prolongations 
pass  to  the  surface  of  the  body  and  to  the  organs  with  which 
these  nerves  are  connected,  where  they  also  exhibit  the  various 
nerve  endings  (corpuscula  nervorum  terminalia)  mentioned  be- 
fore. The  central  prolongations  pass  into  the  brain  stem,  and, 
as  von  Kolliker  showed,  bifurcate,  afterward  running  out  into 
their  terminals  in  the  gray  matter  very  much  as  do  the  dorsal 
root  fibres  on  entrance  into  the  cord.  We  have  here  to  consider 
the  sensory  portions  of  the  nervus  vagus,  nervus  glossopharyn- 
geus, nervus  vestibuli,  nervus  intermedins,  and  nervus  trigemi- 
nus. In  their  development  the  cerebral  peripheral  sensory 
neurones  resemble  closely  the  spinal  sensory  neurones  of  the 
first  order  (Fig.  307). 

In  order  to  make  clear  the  relations  of  these  nerves  to  tlieir 
nuclei  terminales  in  tlie  central  nervous  system,  there  are  intro- 
duced here  a  number  of  sections  taken  at  various  levels  from 
two  unbroken  sets  of  serial  sections  of  the  brain  stem  of  a  new- 
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boi'Ti  babe  ( b'igs.  30S-a34).  The  Cfntral  prolongations  of  th« 
uniiiolur  ganglion  cells  of  the  nerrun  rttyitu  (ganglion  juguluK 
and  giiiiglion  ntxlosiini),  togtithcr  with  tlioat:  of  the  gungliuu 
cells  of  the  neri-us  ffh-ixo/i/iiiri/ni/eunt  (ganglion  siiperiiis  und 
ganglion  petrosum),  enter  the  niodullu  oblongata  mixed  with 


till-  motor  fibres  of  these  nerve?,  juiit  making  thoir  exit,  at  the 
diirso-liiterul  suleiis  (khIcuii  bitemlis  donialin).  The  sensory  root 
lilms  (if  these  nerves  do  not  all  enter  at  one  spot  in  a  compart 
maiiK,  but  niiike  a  number  of  Mmiill  bundles  which  pass  into  the 
c-eiitral  system  at  several  piiintfi  nlnng  the  sulrua  (Figs.  320  and 
'■i'i] ).  In  the  new-born  eldlil  the  linear  extent  of  entrance  meas- 
ari'n  about  .(;  em.  (Ki^.  :!i.i).  The  medullatcd  fibres  plunge 
throu;rli  the  truetusspiniilisnervi  tri^'emini  and  the  adjacent  sub- 
Htiintia  gelatinosa,  ^'oing  oltliipiely  in  the  dorso-medial  direction 
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toward  the  nuclei  of  reception  (nuclena  alse  ciiierese  and  nucleus 
tractus  solitarii)  of  these  nerves  near  the  floor  of  the  fourth  ven- 
tricle;    There  is  no  bifurcation  of  the  aensory  fibres  immediately 


Fio.  31*8.— TranaTeme  nection  throngh  mfdalla  oblongata  of  newborn  child  at 
level  of  ilc'UKmtio  lemniworum.  iSerivs  ii,  sbctioD  No.  60. )  Cc.  aumVa 
ceiitmliH ;  Dw.l.,  decusmtio  lemniBConim  ;  F.a.i..  fibm  arcuate  inU'rns  ; 
F.i.e..  aiitw  arvuulie  »itcra»  ;  F.c,  fasciculia  cunealua  Burdachi :  F.c.  tu 
F.r.,  bundlrs  from  faacicutus  cunratuB  t«  fumiatio  relivularia ;  F.rii..  fasrio- 
uluH  cen.'b('llDUiina1iB  or  direct  cerebellar  tract  i  F.g,,  ihwiculun  Rrat-ilis 
(iolli ;  F.t.o.,  asciculua  ventralia  propriuH;  Ka.eom,.  niiclt'UB  commlHsu rails; 
Sa.f.c.,  nnrlcUB  fliniculi  cQneati  et  Bracilis  ;  Ku.f.g..  nucleus  funiculi  Bracilia; 
Pg:  pyiBmis;  T.i.h.V.,  tractus  apinalig  N.  triKcniini ;  J<a..  enbiitBntia  gcla- 
tiDoaa  [Kulandi].    iWeigert-Pal  ptepaiatjon  by  Dr.  John  UuwetsoD.) 


Ti.nI 


Kitai 


Pio.  SOS. — Transverse  section  of  medulla  nhlongata  of  netrbom  child  paaung 
llirouKh  the  nucleusolivaris inferior.  ( Scri™  ii,  aectiim  No.  103.)  Cr^corp"* 
rcHtifurmc;  F.a.c.  Bhm  arcuatie  intenuc  from  the  anterior  half  of  the 
nucleus  funiculi  cuneati ;  F.Lm..  fawiculua  longituilinaliH  medlaliH ;  K.IX.X., 
N.  gloBBopharyngcUB  et  vaeua:  N.XII.,  S.  bTpoglumus:  Ku.a.,  nucleus 
.,  nneleuH  alie  cinereie;  Xu^.r,,  uucltus  fliniculi  cuneati ; 


.S.ii..BiibatBntlHgelatininiaKolaiidi:  Sl.i.l.,  Btrntumlntrrolivare  Icuioiwi ;  f.i,, 
tractufl  eolitarius:  T.^.n.V.,  tractuB  Hpinatin  N.  triReminij  F.g.,  veutrieulus 
quartua.     <Wcigert-l'al  preparation  by  Dr.  John  Hen-etBiin. ) 

after  entrance,  a  fact  whinh  is  not  surprising  when  the  liistoge- 
netic  relations  discussed  in  Section  IV  are  recalled.    The  bif  urea- 
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tion  occurs  just  where  one  would  a  priori  expect  it  to  take  pUux, 
namely,  wliuii  the  fibres  hiire  reached  tlie  neighborhood  of  their 
gray  nuclei  of  termination  near  the  floor  of  the  ventricle.  In  re«J- 
ity,  then,  the  analogy  with  the  behavior  of  the  dorsal  root  fibres  of 
the  spinal  cord  is  nearer  than  if  the  bifurcation  occurred  iinue* 


iliillu  cihloiiRita  and  rm'brllum  nf  ncirhom 


niiitiiiiiinis  with  tlii'  fiiiiii-ulni<  ItitcraliH  iif  the  conl ;  t'.l.m.,  fawrirulus  limgi- 
(uiliiiuliHmiilhiliK;  X.IX.X.,  N.  Kliiwin)>liaiTi)g«iuetvafnu:  N.XII..  S.  hnn- 
kIih4iiim:  .Yif.rf.,  nni-luiiH  ih-ntnt.uH ;  Xii.H.r.iL,  nurli-uii  N.  rochleti  dunalin; 
A'N.N.r.n.,  iiiiiJi-iiH  N.  vi-xtibuli  iiutllaliH :  .Vn.a.n.rf..  naclciu  iilivsrie  at-nnt- 
wiritin  iliimiliH:  .Vk.u.d.w.,  iiuuli'Vii  iillvaiiH  ariiitiMiriUH  mrdialU:  AVo.i.. 
iiiick'ii- iiIlviiriK  iiifi-riur;  .Va.t.a..  nDcli-iw  imrtuii  mlitHrii;  P^.,  pnlunniliu 
fliH'i'itli :  /^M  iiyiHiui.'t;  R.d.u.rml.,  nulli  dpntinlciiii  N.  Tnttiliuli:  Sl.iJ, 
Hininiiii  lnti-ri>1lviin-  li-iiniiwi ;  a;,  jiliinc  of  loaKitadlnal  lectfoii  No.  flS. 
[N'oTK. — TliiN  Oxiin-  luiH  Ihiii  illniniiiiiitiiniatply  rrdunil  in  the  ninnNlar- 
tixii.]      W.-ie<'rt-i^il  ptt-iurotl'i)  by  Dr.  J<iliD  Hi-wi'twiu.l 

diati'ly  after  entnince.  The  bifurcation  of  the  fibres  baa  been 
rarifully  .studied  by  von  Kslliker,*  lleld,t  and  Ram6n  y  Cajal^ 
.\i'ci)rdinjr  to  von  K.UHker,  single  fibres  going  to  the  naclcns 


•  '»/'■  '■'■'-  It-l-  i 

S,  -iM). 

f  l]«|.i.  11.    IIU 

l';ii.liHuiL;WH-ei*t  .l."r  si'iiHililuii  Xprven  im  Gehirn.    Areh. 

f.  Aiiat.  11.  I'livsii.l 

Aunt,  .\lilll..  \.r\]r/..  IISlRi),  S.  33-ail. 

t  rf.n„.-..,  V  Cnj: 

IteiitKvllr  l'.-lier.ri;l 

.  V.  llrcsL-r.  ]A-i\>7AB  (ISM).  S.  43. 
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ulie  ciiierca;  divide  in  the  biindlca  near  this  nucleas,  the  reat  of 
the  fibres  inside  it.  The  fibres  entering  the  trsctus  solitaritu 
undergo  division,  but  not  all  at  the  same  leveL 


Fio.  314. -TmnHVCTKO  M-ctinn  t1irou|{li  intliniiii 
IuIh-.  iWHRiTt-l'nI.  wtIm  il.  ijii'tiirti  Nii. 
juiii-tiviiiii ;  <'.(.,  (iilliruluK  inruriDT;  y.  nut 
unihiibly  (iiui-itiiihI  in  tbv  oriuiii  <if  tin-  N.  triH-bluuHii 


ilFscrlhi>d  M'  Wentphal "  as 

tnihiibly  (iiui-itiiihI  in  tbv  oriuiii  <ir  tin-  N.  triH-bluuHii;  FA.m..  Gjun-k-ulus 
ii;|{ltu<lliiaIiH  nii-dinliii ;  f'.T^.,  raMMculi  liHiKltufliiulra  [t^nuntdklcH] ;  /../.. 


*  bik-nlix:  /»«..  IcmniiaiM  luciIialLi:  iV./l'.,  drcuwatio  iiervatra 

tnH'iilrarium ;   .V.I'.,   S.  trigvuiinud:   XuJ.l.,  nuvlvus   lemnlsn    latrmlix: 
lYN.r.f..  iiiicli-iiH  n-iii-nlarinU-mni'nli  imitiK;  fi.it. l'.,  isdixdFiH:«iu)t'uii[m''»"- 


I  l*n.'iianitiun  by  Dr.  John  Ilpwctaun. ) 


The  figure  copied  from  Held  (Fig.  326)  shows  root  fibres 
dividing,  one  brunch  passing  to  the  nucleus  alee  cinerc«,  the 
othiT  descending  in  the  tractus  solitarius.  These  descending 
filiri-s  give  off  colhiteralB  (Fig.  327)  and  terminals,  to  end  in  the 
adjucL^nt  gruy  matter  (nucleus  trnctus  solltarii).  Ramuii  y 
(.'ajal  denies  the  existence  of  typical  bifurcations  (at  least  for 
tiie  majority  of  root  fibres  of  X,  IX  and  X.  X),  and  thinks  that 

"  Wi'stpliul,  C  Teller  fill  en  Fall  vrm  rhmnisther  progretisiTer  L&hmung 
iliT  Aiij.'ciimuskdn  (OphthuliiiopIoKis  i;it1iTnii)  ni'bsl  Itcitchreibuiig  Ton  Gnn- 
gliciixi'llciifinipiiPii  iin  Etcreiuhu  ths  Oi-iilrjinoturiuskems.  Arch.  f.  PVfchial. 
uml  N..rNvnkr..  H.'rl..  11.1  Tviii  (HWT),  S.  638. 
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these  fibres,  disobejiiig  the  general  l&w  of  dichotomy,  are  devoid 
of  ascending  limbs,  all  the  fibres  turning  down  ia  the  tractus 
soIitariuB.  The  fibres  entering  the  nucleus  &lte  cinerese,  which 
in  the  mouse  is  continuous  with  the  nucleus  tractus  soHtarii, 
he  looks  upon  as  collaterals.  The  general  course  of  the  tractus 
solttarius  is  best  studied  in  horizontal  sections  of  the  baby's 
medulla  stained  by  the  Weigert-Pal  method  (Fig.  328).     In  its 


Af.trr..  amiiHlui;tug  cvrubti  ;  ■.  flbi«K  nmning  IVom  lateral  liMnniwuii  toward 
tliinal  hordiTurbiachiuincunjiiiictiviim  ;  Br,  n>t(j..  brachiuiu  wnjunctlvum; 
''.e.i.,  commiitnin'  bctwttn  tlip  collirull  inferionn ;  7)«-.Bm!A.,  ventral  portion 
iiT  bmrhiUDi  I'onjunetiviiiii,  whirh  in  tvaliM'  fonuti  h  conimiiHure  bi'tirpen  the 
Klipcrior  nuclei  of  the  i-cntibuUr  nervesof  the  twuxideit :  F.l.m.,  raarii-uluitlon- 
ItituillnalUniedinliii:  f./^.,fB>icicaH)onKitudlnalcnpon(M(p7niniilslrai;  i-(.. 
lemniwiiM  iHteniliii  in  Istkc  ]iart  tvmiinntinfi  in  the  niiclriw  uf  the  roiliruliw 
inrprior ;  I..m..  leniniivuii  nicdiali!' ;  .V./l'..  N.  trorhleuris  ;  Su.Coll.in/..  nui'lrus 
nilliruU  iiifprioriN ;  XH.r.'.lh.  nucleu»  crntralin  gupcrior,  pars  liitcraliB ; 
.Ynj-.i>.iiii).narli'Usi'('ntra1iHHun'ric>r.  rnnmiilialiK;  RJ.b.  I',,  radix  desefnclens 
[mi-wnifphHlim]  \.  triftirmliii :  .Vf.nr.r..  stratum  )tri«emn  cenlraio.  (Prvpara- 
tion  liy  Dr.  .I..hn  Hrwi'luon.j 

passage  spinal  ward  it  gradually  approaches  the  median  line,  lying 
in  its  lower  part  medial  to  the  nucleus  funiculi  gracilis.  Its  fibres 
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can  Ijc  acen  term  mating  at  iliPEerent  levels  in  the  nucleus  tractu^ 
Boliturii  which  uccont panic? s  it.  The  gray  matter  of  this  iiucli'us 
more  or  U'8S  siirronndH  the  tratit,  being  better  developed  in  somt- 
places  than  in  others.  At  the  cephalic  extremity  of  the  tractns 
Holitiiriiis  ft  mas»  of  gray  matter  can  be  seen  passing  hcudward  for 
a  distance  of  1  or  2  mm.  (\ii./;:xiil..  Fig.  'S'iS).  From  the  general 
upi>earanee  of  this  mass,  and  the  ohamcter  of  the  cells  within  it. 


-DpcBrXoni 


:  /Vr.ilr.f>»|j..  (UvMiMiVio  l>i-ji-Iiii 

ilio  li'tniu'iili  vi'tilmlii'  Irrmlmlr  H<iiibnitrrH::Hiiff  tif 
r<in-ii :  r.i.m.. luMiniiMn liiiieiiuiliiialiHiiiiiliuliKi  Kl^f,, rawUiiU  |iyntIllilIilli-> 
In  I  III'  lun  lisiKilaris  iNnilix:  /..w..  IciiiiiiwUH  iniilinlln-.  X.IV.,  N.  tnic-hKiiriH  : 
.Yh.;..>.,  iiiirliiK  liitcnilis  MiiHTliir  iif  FIiiIihIk:  .Vn-h.^I'..  iiUcIciik  N.  tnii'ti- 
li-nrin;  si.itlk.H,.  ntniliiin  alliiiiii  iinifunilnin :  tt.ar.r,,  stratum  frriM*itiii  ii-n- 
tnili-:  .-',»..  MilwtiiiitlH  iiii:r:i.    <  I<n-|Riniliirti  l>y  Dr.  Jnhii  Hcwitwni.  > 

it  in  probably  to liorcgiinh'd  as  an  upward  continuation  of  tlienii- 
eb'iis  irai-tii"  snlitarli.     The  inaintcnimce  of  the  general  enlibre 

of  the  tiartus  sii!itariii:s  as  it  passes  spinalward  renders  pro bii- 
bli'  the  viiw  that  the  niajurity  of  tJie  stein  fibres  pass  for  a  long 
di.'iani'i-  spinalward,  chii'fly  i-nlhitcrab  being  given  off  in  the 
course  i.r  ihc  tract.  It)  sfctimis  i.f  tin.'  baby's  medulla,  at  the 
spinal  I'lid  iif  the  tractns  solitarius,  there  is  to  be  made  out  on 
caeh  side  i>f  the  niiiMIe  line  a  distinil  mass  of  eells,  evidentlv 
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connected  with  the  tractuB  Bolitarius  {Nu.com.,  Fig,  308).  It  ia 
not  impossible  that  this  cotreHponds  to  the  ganglion  commissu- 
rale,  which  lias  been  described  by  Ramon  j  Cajal  in  the  me- 
dulla of  the  mouse.  According  to  him,  in  the  mouse  this  nu- 
cleus forms  an  oral  mass  of  cells,  which  extends  bridgelike  just 
dorsal  to  the  central  canal  (between  the  ependynml  cells  and 
the  gray  commissure  of  the  cervical  cord).  In  it  terminate  a 
large  number  of  the  fibres  (according  to  Ram6n  y  Cajal,  no 
less  than  three  fourths  of  them)  of  tho  tractus  solitarius  of 
the  opposite  side,  so  that  we  have  to  do  here  with  a  true  termi- 
nal ilecvusatio  tractus  solitarii.  The  fibrils  branch  manifoldly, 
and  are  so  numerous  that  the  plexus  formed  by  them  is  one  of 
the  most  complicated  met  with  inside  the  central  nerrous  sys- 
tem (Fig.  .'J29). 


JHII 


.1  No.  384.)   Aq.crr..  aqurductux  ccrpbri:  CkiU.nip.,  i-ulliculus 

RnpiTior ;  D.t.,  defu«!«tio  tURmciiti  diirsalis  i  fantaiHrartiqr  HauhnikTraziiHg  of 
Mi-ynert):  F.l.m.,  RiwkulUB  lunttituiliiialia  mpdiulis;  F.li/.,  ToHtkuli  pyra- 
midalvs  in  thi-  Iwnia  pcdunculi :  F.r.(Sf).  fawiculuH  rctrufleius  Meyiicrti ; 
L.m.,  lemniN'QH  niHllalls:  Si.F.l.m.,  nuclruH  bariruli  lioigitudiiutlU  medi- 
alUornuclpliH  ci>ninii«ninF  pnsterinris 'ohrer  nnlomoloriiukfni  iif  IhrkMhe- 
witHchi;  Kh.b.111,  nucleus  N.  uculomutnrii :  Xv.r..  nuckuH  nilxr:  Kill. 
N._  uculnniiitnriilt:    Sl.alh.p.,   rtnitiiin  album  pnifUnduii 


mpom 


pitHl  t 


( [^panttiiin  hy  Ilr.  John  Hik 


SIllBl    t 


Outside  the  central  nervous  system  the  nervus  vagus  forms 
numerous  anastomoses  with  the  sympathetic.  The  relations 
are  well  shown  in  Fig.  330. 
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Kill  ll 


111  ll  1 


^K/r„  nurlfUH  niniruli 
■  nuri/  nurlniH N.  fwhli-a- diir- 
H  rJ  nurlcnii  V.  vndllinli  lateralis 
'     MwtilHili  ImtPisliiiiltritrTW'  |>nrH 


i\  \iMilnili  iiiiflmliH  iShwalhc); 
hMiiiirir  %  III  lilt  111!  nwi  ^M  w  \f/„  nudi-iw  N.  Iiti>»- 
iiili ni-Lili nl  i],imiiit\  <■!  iimhiiK  N  Tiiitihull  niMlLiljtt: 
-I  I  ii<l<  ll-  [iiii-si  Til  I  iiIiiiIkii]  ■»  nl  trifH^lni ;  K^.u.rrMt..  iHillx 
lilnih  ■>'  ilhi,  HiRiIiini  hIIiiitii  [minindnm;  TV.a.,  tnu-tiw 
iciiirKiilii   iiiMHii        I  n  luniliiiit  liv  Itr  John  Hcwetwiii.  i 
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Fl(i.  31R.— HorizADtal  sc 

ahdiK' 

Bnirh.Conj..  hmchiiim  I'onjunctivTim  ;  (W/.nup.,  collkulaasuperiur;  CWf.in/., 
I'lilUriilun  inrpriur;  (torp.rfuf..  rorpUB  rurtifonac;  Drc.BtcM.,  flbrvs  of  ventral 
piirtUiii  uf  brachiiini  I'unjuni'tiTum  fonninft  a  commissure  hetwee n  Uin  huik-- 
riorniicltiiiru-nniiuitionur  thr  vcstibulnr  DerVEw  uf  the  tnu  Hides :  F^.fhh.. 
rawii'iiliis  cuncflt^iFi;  Fn.gr..  fOKriculaa  graciliB;  F.a.i.lVat.).  Sbne  an'ualffi 
■I  the  renlnil  veMibiilar  pathn;  FoKj.mrd..  fftscieulUB  lonai- 
"  '■  '  •  ■  ■  ntBfUB  iBtoralis;  Mrd.M.,  medulla  ijl>- 
l<m)EnlH:  Xtuntr,,  nieapiicephalon ;  jV.frofW..  N,  trochleariB;  A'.  I'.difr.  . 
ileeuBxatinit  purtiou  of  the  nwt  of  the  X.  triKeminua;  N.VIII..  radix  N. 
rHciHiis.  pan  tM-ounila:  XHcl.f.e«n..  nucleus  funiculi  cuneati;  Xud./.gr., 
nueleiiH  l\inii'Uli  ttraeilia:  Xnd.ii.nM.,  nucleUB  N.  ahducentiK:  A'H.n.cocAf.d.. 
nticleUB  N.  eochleie  dorsalisi  Xnel.ri.hup,,  nucleus  N.  hrpogloHU;  Xa.tr.iol., 
nurli'US  Irartiin  solitarii:  Rad.dm.n.rrtt.,  tndix  deturndens  N.  vestibuH: 
yt.alb.p,,  stratum  alhum  pmruniluni;  Sl.iir.c..  Mnitum  Kriscum  wntralei 
IV.iwf..  trui'tUH  HililHriUH.     (t^'pnration  by  Dr,  John  Howelmm.l 


tudinaliK  medial  is 
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Fig.  320. — Horizontal  section  thronfirh  the  rhombencephalon  and  mesencephalon 
of  the  newborn  babe.  Weigert-P&l  staining.  Level  of  the  fasciculus  longi- 
tudinalis  medialis.  (Series  iii,  section  No.  80.)  Aq.cer.,  aqncductus  cerebri; 
Br.conj.,  brachium  cotyunctivum  ;  C.Becht.,  commissure  between  Bechterew's 
nuclei  of  the  two  sides;  CoU.a.^  colliculus  superior ;  C.r.,  corpus  rcstiforme; 
F.a.i.,  fibrsB  arcuatee  intemse;  F.da.y  fasciculus  cert^bellospinalis  or  direct 
cerebtillar  tract;  F.cm.,  fasciculus  cuneatus;  E.g.,  fa^iculus  gracilis;  F.l.m., 
fasiuculus  longitudinalis  medialis ;  L.I.,  lemniscus  lateralis ;  L.8.,  lemniscus 
superior;  N.IV,  N.  troch leans;  N.MotV,  N.  trigeminus,  pars  motorius; 
S.V,  N.  trigeminus;  N.VI,  radix  N.  abducentis;  N.VII{a)^  radix  N.  fiicial  is, 
pars  prima;  N.VIT(c),  radix  N.  facialis,  pars  secunda;  N.vegt.,  N.  Testibuli; 
X.IX,X,  radices  Nn.  glossophar^ngei  et  vagi;  A'tt./.cii.,  nucleus  funiculi 
cuneati ;  jyTu./.g.,  nucleus  funiculi  gracilis:  iVtt.ti.c.d.,  nucleus  N.  cochlese 
dorsalis;  Nu.n.V.,  nucleus  N.  trigemini;  Nu.n.XII,  nucleus  N.  hypogloasi; 
NhI.h.,  nucleus  lateralis  superior  of  Flechsig:  R.d.n.rtnt.^  radix  descendens 
N.  vestibuli;  St.g.c,  stratum  griseum  centrale;  Sub.gel.Boinndi,  substantia 
gelatinosa  Roland i ;  Tr.»ol.,  tractus  solitarius;  T.8.n.}\  tractus  spinalis  N. 
trigemini.     (Preparation  by  Dr.  John  Hewet«ou.) 


Fi(}.  321.— Horizontal  section  through  tlio  mcdnlla,  inms,  and  midbrain  of  a  new- 
born balK'.    VVci>{frt-I*ul  staininK.    Ix'vcl  of  niicU*iui  nervi  ocaloniot4>rii  and 
nucleus  norvi  tnK'hlcaris.     (Series  iii,  section  No.  100.)     ^9.  cfr.,  aqucHluctii!^ 
ceH'bri :  Br.  conj.,  bracbium  conjunctivuni ;  ('.p.,  commimuni  posterior  oeiv- 
bri ;  ('.  Becht.,  ciunniissure  between  Becbten»w's  nuclei  of  the  two  sIdcH:  i\r^ 
corpus  rest i forme  ;  F.f.m.,  fas<*iculus  UmKitudinalis  miKliaIi8 ;  F.e.  to  F.r.,  fihn'j: 
from  fasciculus  cuneatus  to  formatio  reticularis;  J^'6. arc  in/.,  fihnp  amiatir 
interna* ;  F.  cm.,  fitsc.  cun(^atus ;  F.r.a.,  fonnatio  n>ticulariH alba  ;  Mot,  P..  iwlix 
motorius  X.  triKt'uiini :  A'.  17.,  nulix  N.  alxlucentis ;  N.  reM.^  radix.  N.  vwrtih- 
uli ;    .V.  r//.(r. ),  radix   X.    facialis.  ]>ars  secunda ;    N.lXandX^  radices  Nn. 
fslossopbaryngei  et   vagi;   N.XII,   nidix  X.   hypofflu«tii :    Nux^AmK  nucleus 
centralis  suiK'Hor,  pars  medialis;  XilcsjI),  nucleus  cent raliti  superior,  pais 
latenilis ;  \u.lJ.,  nucleus  lemnis<'i  lat<*ralis ;  XuJ.a.^  nucleus  lateralin  superior; 
Xu.u.flL.  nucleus  X.  m-ulomotorii ;  iV»*.  »i. /T.,  uucleus  N.  trochlearis ;  J^^ 
lemnisi-us  superior;  Nn.f.q..  nucleus  funiculi  gracilis;  Nu.nx.v.,  nucleus  X. 
C(M'bleH'  ventralis;  Xii.n.VII,  nucleus  X.  facialis;  .S. p..  substantia  |ee1atin<iHa : 
St.il,,  stratum  interolivare  lemnisci ;  Seu.V.,  radix  scnsorius  N.  tri|ceinini ; 
St.g.r..  stratum  griseum  centrale :  Sii^.gef.,  substantia  {^elatiuosa  near  en- 
tnmce  of  s<»nsor>'  iKirt  of  X.  triKeminus;  Tr.s.n.t.,  tractus  spinalis  N.  triieeni- 
ini :  rr./r.«M./>.,  t  met  from  l)eit4>rs' nucleus  to  the  spinal  cord.    (Preparation 
by  Dr.  John  Hewetson.  > 
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^..f^'•"■ 


TUB  NERVOUS  SYSTEM. 


/(n  Itrrbl    i 


iniiitiilMiiiiiiithniiich  III!  miilulln  iniiih.  mid  mldhiain  of  a  nrn- 

Uiijctrt  hil  KlHiniiiK      Iicvd  iif  ili-iiuiHatiu  bracbii  conjunrtivi 

rkuH  ntiiuUiTiH  tiumiiiti      (Srnni  in    Kntion    Nn    108.)      C.p.. 

HHtiri>r   iinliri       DrrBe      diinUMttlo    lirachii    roiijiinrtivi: 

iimiM-un  UtKcrn  llnlitinw  siiiu^i     Dl    flbns  In  dcruiMitiH 

...  I    fVn        lllnle  RifiUibB  iptmuB  fnrni   the   nucleus    fkinli-uli 

(iiiiiiiti  tr  fiMiiiiliiR  niiii'Slus  Fr  lo  Fr  tnindie  Tiom  fiuviruliui 
riim-atiis  to  runiuilln  nlKiilnrm  Fg  fiiw ii iiIdk  ktbciIU  Ftm.  tui'IiiiIiiK 
liiii(.ltiidiii  iliHiiHiliHli-i  /  M  k  miiliNiix  miiliBlin  I)  li  mniMUB  IslnsliH : 
V'lM  ndii  iniiliiiiui  \  tntHinmi  \  I II  radix  N  fiKiaDi,  pars  Herunda  i 
\  mt  milix  N  \ixitilnill  N  I  /  radix  N  ahduMntu  A  \V/  ndtx  N. 
li^lHiuliMu  \  \t  radix  \  aoi-wnii  \h  u  llUa)  imrlroBV  «culomot<irii. 
t«r«  iHttraltt  \HHlllih)  iimliuit  N  m  iihimiitoni  {laraiiDpai  Xm.e.ii.>l; 
iiiiiliii-i  rciilralii  MiiHniir  inrc  liiltraliH  Xardii)  nuckus  renRaliH 
■m|Nrii>r  pnninKiliiiMi    Sail   iiiiikuh  limniwl  lattnlis   ^■■I//    Di]cleui> 


\i.  \  r 


hk-»  vetitralis    Ane-i    nupleiL   — 

llnilanii  t^RHH-Dti  An  (  •  nucleaa  lateialbi 
iim  II  ntrale  fen  i  Kfaaary  mot  of  N. 
iHtinwu  BulHndi  TtJrnnD  tnct  fkioi 
inl    T**  N  1     tnwtus  iplnalla  N   trisrmini. 
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denm  Bod  dorsal  pnrbnn  of  nuileuB  olivans  infenur  .    _     . 

122)  CI  corpus  trapcEoideum  Dte  Br  Ton}  deciiiB»tiobiw.hii  conjunctivj ; 
DffBfdlt  pommismirebtlwein  BichWrews  nucki  O  c  n  r  dorsal  cupeulc 
■if  Duclriu  mbpr  Fai  flbrac  arcualsr  inlomHi  Fate  rtlref  fasciculus  ret ni- 
flexu*  Meynprti  Fin  fasciculus  knptudmaliB  meJialia  Ftp  bumllc 
contin nous  with  the  fasciculus  lattrelis  propnusof  the  tord  Fl  pid>  dorsal 
portion  of  bundle  continuous  with  IbhcicuIub  liiteralia  propnus  of  the  coid  : 
Ll  lemniBcqs  Lateralis  X  m  Ipmnlscus  medial  is  N  III  radix  h  orulo- 
motoni  V  JfD(  I  mottr  root  of  N  tngeminus  A  I  sensoiy  root  of  N. 
trigeminus  A  1/  radii  IJ  abducentiii  A  Vlf  radix  N  focwlis  pais  ae- 
cuDda  A  Port  radix  N  vestibuh  \  \/  radix  ^  arcwgoni  \  \//  radix 
N  hypogloasi  \h  Ft  m  nucleus  fasciculi  IimKitudinalis  medialis  or  nu- 
cleus commisHune  postenons  lebrrrr  Ocalomolonuttern  of  nHrkschewitsrh  > ; 
AHH/ffw  urs  imparof  nuileUB  N  ocukmotoni  ^nnllll  pars  lateraliB 
of  nuclcaa  V  ocnlomotoni  A«o»  nueleus  olisans  superior  Nua.cf'^ 
nucleus  V  cochlete  centralis  Nn  o  t  nucleus  olivans  infenuT  Au  o.a.m.. 
nQcleuioliTarlauyeitiKirius  medialiB  TrfrnvD  tract  from  Dei Icis  nucleus 
to  the  spinal  cord     (Preparation  b;  Dr  John  Hiwitson  ) 
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Fig.  324. — Horizontal  Hection  thnmgh  the  me<lulla,  ponH,  and  midbrain  of  no%v 
horn  l)ttbo.  Level  of  Ktratuni  interolivare  lemniHei,  corpiiM  tmpezoideum  and 
nucleus  rub«?r.  Weigert-Pal  staining.  (St»rieM  iii.  He<'tion  No.  136.)  r.<.,  cor- 
pus tmpezoideum ;  Dec.Br.Co^j.,  deeussatio  braehii  conjunctivi ;  !>.<.,  decus- 
satio  tegmenti  vcntralis  (ventral  tegmental  decussation  tif  F'orel );  F.a.i.{  DecJ. ), 
fibne  areiiatn  intenift>  (decufisatio  lenmLscorum) ;  F.L,  fibn«  continuous  witli 
the  funiculus  lateralis  of  the  spinal  conl ;  F.l.m.^  fasciculus  longitudinalis 
me<lialis;  F.r.M.,  fasciculus  retroflexus  Meynerti ;  L.m.,  lemniscos  medialis ; 
y.III.,  radix  X.  c»culoniotorii ;  N.Mot.V.,  mot<>r  n)ot  of  N.  trigeminus; 
A'.SpM.F.,  sensory  root  of  N.  trigeminus;  N.VIII.{coch.).  radix  N.  cochlese; 
y.  Vlll.i  reM. ),  radix  N.  vestibuli ;  N.  VI.,  radix  N.  abduccntis ;  N.  VII.,  radix 
N.  facialis,  pars  secunda ;  N.XIL,  radix  N.  hypogloHsi ;  NuJ'.l.m.,  nucleus 
fasi>iculi  longitudinalis  mcflialis,  or  nucleus  commissune  posterioris  {oberer 
OcuhmotoriuMkern  of  Dark8(*hewitsch) ;  Nu.n.III.,  nucleus  N.  oculomotorii ; 
Xu.oM.m.,  nucleus  olivaris  acc^MSorius  mt^lialis;  Xu.o.i.,  nucleus  olivaris  in- 
ferior; Xh.o.h.,  nucleus  olivaris  superior;  A'M.rt(6rr,  nucleus  ruber;  >V.i.l., 
stratum  interolivare  lemnisi-i;  .S.m.,  substantia  nigra,  il^reparation  by  Dr 
John  Hewetson.) 
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Vui.  ly^'t. — hiii^raiM  |>n»iian'd  hy  .Miss  F.  Siilun  from  n  series  of  s4*otiiiiis  thntUKLi 
tli<'  liniin  of  a  ii('\v-))oni  ImiIh'.  showing  tlio  luicltri  (►f  tho  ffrc*hnil  ni-rv***  ami 
tln' sin-a  uf«'xit  ami  <»f  riitninn*  of  tlic  nwits  (»f  tlu"c:i*ri'bnil  iu'rvc*s  in  fljU  jin*- 
jiM'tioM.  n,  liiif  of  latt'ral  tMl;j;e  of  fourth  Vfiitriclf :  d,  tt,  tl,  *(,  fovea  inffrinr; 
f.  f<iV('a  suiH>rior:  ;/,  latonil  siirfa<*('  of  rlioiiilN'iu'eplialoii ;  ///.,  area  i»f  I'xit  f>t 
N.  «M'uloiii(>toriii.s :  /T.,  ar<»a  of  i*xit  of  N.  trorlib'aris  :  1'.,  art'a  of  fxit  unci  <ii- 
tniiHj'  of  N.  trim'iinuus ;  17.,  an.'a  of  exit  of  N.  alMlurous ;  J '//.,  2in*u  of  fxit  "f 
X.  facialis:  17//.  iroc/j.  >,  area  of  ciilniiiro  (»f  X.  (r<K*hhie  ;  VIII.  •  mjttih.  '•,  an-a 
of  cntniiH't' of  N.  vrstUmli:  IX.  and  A'.,  arfji  of  cntranrt' of  N.  Kl(i^^>p}uii7ii- 
Kfiis  ft  vjijfus:  .\7..  an-a  of  «'xit  of  X.  acrrssorius:  A7/.,  areii  of  oxit  **f  X. 
liypojrlo^sus :  Sn.n.II/.,  muh'iis  X.  <M'iiU»-iiioiorii ;  Xh.u.I}'.,  iiucloiis  N.  tnn-li- 
it-aris;  Xh.h.  I'.'  m.p.  >,  iiiiclrus  iiiotoriiis  priiicfjH  X.  triKeniini  ;  A'm.m.  FV..  iin- 
cloiis  X.  ahductMitis  ;  Xn.u.  I'll.,  nuclfus  X.  facialis;  Xhm.,  iiQclciis  anihimiu^: 
Xn.n.c.  niKlrusahi*ciiu'n*a»:  Xn.ii.v.m.,  iiuclousN.vi'stibuli  miHlialici ;  A'H.ii.r.*.. 
nucleus  .\.  vcstihuli  suiM'rior:  Xii.n.r.l.^  nucleus  X.vOKtibiili  lat4'nilifl  f  JhiU'Tv  : 
Xit.n. (•.*(.,  nucleus  N'.ciH'hlca'  dorsjilis :  Xn.n.c.r.,  nucl<>UH  X.  4'(K*hl<*a?  v«-ntnili« : 
Xn.u.XIL,  nucleus  .V.  hyiMj^lossi ;  li.d.n.t.,  mdix  de.SiX'ndeiis  j  in4>M^iut'i>lia1ic:i 
X.  tri>;ennni  ;  H.d.n.r.,  nidix  dcs<'cn«lens  N.  vestibnli;  >'.^.,  Hillistaiitiu  ^idati- 
n«>si;  T.  Mil.,  tnictus  solilarius  ;  Tr.n.n.t.,  tmctus  spinalis  r(.  tri^cuiiiii :  V^nt., 
ventral  horn  cells.  The  nuinlM>rs  to  tlu^  left  of  tho  drawiiig  indicate  appntxi- 
nialely  the  levi'ls  of  the  corres|)ondinK  transverse  itei'tioUH  n.*|>rfSfnti*d  l»v 
Fi^s.  SOS  to  317. 

The  plane  of  the  sections  from  which  this  diafcnun  was  made  18  not  quite  tr:in>- 
verse  hut  somewhat  ohlique ;  the  dorsal  surface  (»f  the  luislullu  lian  I>«t-n 
struck  hy  tin*  knife  nion;  cerehnihvanl  than  the  ventral  siirfnci*.  the  aiiglt- 
formed  hy  the  ]>laue  of  tlu>  section  with  the  lonj^itiidinal  axin  iM'ine  apfimxi- 
mali'ly  s<'venty  decrees,  as  measured  on  the  cenrhnil  side.  This  a<*«MlUIlt^  for 
the  evident  slight  >  displacement  cerehmlward  of  the  stnictun*is  in  the  ven- 
tral portions  of  the  s4'ctions  as  compan'd  with  those  in  the  dtimil  p4*rtiou*i. 
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■UM  of   N.    VmglM  Bllll 

[■hv   aiirvs    tumiiMC 
Milita.riun    mn<   wi>ll 

Eiliowii.    (After  H.  Hrfd,  Arch.   f.  Aiwt.  u. 

rity.iinl.,   AnAt.  Afatli.,  Leipi.,    IMKi.  Taf.   i. 
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Fill.  33S. —Horizontal  ocction  throush  the  rhombencrphalnn  and  TDesenc«plial<in 
or  a  newborn  babe.  Weigert-Hu  Htaining.  L^vel  of  ventral  part  of  nuvlras 
ncrvi  abduceutiH.  (Herira  iii.  section  Ko.  TS.I  ^g.rfr.,  aqucductUH  cerebri ; 
Uradk.Conj.,  biwhiom  corvjanctivum  ;  (W/.wp.,  calliculus  Buperior;  CeH.inf.. 
I'lilliculus  iurerioT :  (i/rp.rai..  corpUH  reelifonne :  Dtc.Breht,  tlbrea  of  ventral 
portinn  iif  bnichiuiD  conjunctivum  forming  a  eommiwure  bi-tween  the  snpe- 
riiir  nui-Ici  of  ttnniuation  of  the  vestibular  nerves  of  the  two  sidi-n ;  Fa.tHn,. 
rasciculuB  cuneatus;  Ftt.gr.,  foaciculus  firaciliD:  F.a.i.iVeiH.X  fibra  nrciiatie 
licrtaininK  to  the  central    vivtibular   paths;    Faiic.l.mrd..    rascieului 


tuttinHliB  medialis 

lonttatai 

ilet'Umating  portinn   of  the   roi 

facialis,  {am  sivunda:    A'hcI./.i 


Ijmm.iat.,   lemniscus   lateralis:   ilM.obt.. 

lesencenhalon ;     ^.Irofhi.^    N.    tnicblearis:    N.  I'.' tiff.  ^ 

•f  the  S.  triKeniimis;  X.VIII..  nulii    N. 

SIR  Bi-cunda;  KHd.f.cuH.,  nucleus  funiriili  eiineati;  -Viiri./.or. , 
nieuli  eracilis:  A'Nrt.n.aM..  nuvleus  X.  nhdiii-eiitiH :  Xu.n.roclil.d., 
nnrleus  N.  cochlew  domalie:  Snri.H.kgp..  nurleua  N.  hypiigliisu ;  XH.lT.ml_., 
imcleuB  tiBctoB  Kolitarii:  Aod.iffic.H.mrf..  radix  di-M-eiidenH  X.  vestibuli ; 
l^l.alb.p.,  stistam  alhuio  pnifundum:  >V,iir.c.  sdatnm  griseum  veotralc: 
3V.M>(..  tiBctusHolitariuH.    (Prtparatiou  by  Dr.  juhn  Uewetwii.) 


THE  NUKVUUU  STiJTBU. 


li  "uriii  fnf  rlor 


I 


piiHi  n  r  xtn  ulty  >f  nn  knn  V  vmtDinU  twi  w  Innnulmtis  H  era*. 
HLi'iiiiii 'iT  tnrtuN  mlitHriiu ;  1^  fihmi  uninit  hi  micleiu  nlivaiin  Inrcriur:  a. 

R^ntniM ;  h,  iiiIUtprnlN  rnuii  llic  ]iyniiiiifl  nnd  trnm  thr  MiliKbintba  sIIm  lateral 
inn  it :  rf,  <'i>llati>Nlii  tVimi  llii-  Guriiiiliia  latrrnlin  jinqniua;  r,  Mtuiny  rnl- 
IntcnilN  fur  thi-  nwlciM  nniliijiiiUK ;  /,  nniirmil  flhn!*  in  idiiIot  roots  whirh 
ruii  IowhM  trnctim  hiilnnllH  N.trlKi'inlni :  j.  itikwiI  miitnr  rant  fibnM  itr  N. 
viieiiN  mill  N.  sI'^^'IiliTyiiin-iiH :  h.  (iilkitcntlK  iif  tlii'  Miniior^  rant  of  th«'  N. 
ouiii  ini'l  N.  Bli<ss<>|i)iiirytiiniii<  niiiiiini:  in  the  fanrirulu*  nolitaTinR  :  i,  tiTi>t»- 
I>LiiniiU'  iiiiiiniissiin-  Ih'Iwi'c-ii  (lie-  iiwli'i  N.  Iiyiiwlossi  uf  the  two  sidea. 
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The  cell  bodies  of  the  peripheral  neurones  corresponding  to 
the  nerni:s  vexiibuJi  are  situated  in  the  internal  ear  inside  the 
ganglion  vestibulure  (Scarpa's  ganglion.  Fig.  331).  These  cells, 
which  remain  bipolar  throughout  life,  send  their  peripheral 


Fio.  330.— RrmpHthicus  aud  N.  vukdh  of  a  homnn  onihryo  vipwitl  fnini  thr  right 
Kide.  I  Aftt-T  W.  Ilin.  Junior.  Hud  J.  KoliuiBiiii,  fn.m  Kollnumiix  I/lirhuih 
iliT  KntwirkeiunKHgtw^hichtc  dm  Mi'DScheii.  Ji-iui,  IH9fl.  S.  MO,  Yifi.  33*V. ) 

proIougatiouB  to  the  Tcatibtile  and  semicircular  canals,  especial- 
ly to  the  macula  acusticu  utriouli  and  to  the  criate  ampuHares 
of  the  superior,  posterior,  and  lateral  membranous  ampulhe 
(Fig.  332).  These  peripheral  fibres,  after  repeated  division,  all 
end  free  *  in  among  the  hair  cells  situated  there,  coming  only 
into  contact  relation  with  these  cells  (Retzius,  t  van  Oehuch- 

•  The  observfttions  of  FI.  Ayers — A  rontriliutjon  to  the  Morphologr  of 
(hp  Veriebrate  Ear,  with  a  Recnn 8 J<1o ration  of  iti  Functions.  J.  Morphol., 
Boat..  Tol.  vi  (1892),  pp.  l-3t(0;  I'cber  das  peripherische  Verhalten  der 
Oi-hnmerren  iind  deu  Wprl  Opr  IlHarzelIrn  Jps  Gi-lifirorganeH.  Anat.  .\nz. 
Jpnn,  Bd.  viii  (1893-'S3).  S.  4.35-440— who  fonncrl;^,  nt  V-teX.  bclirvpi)  thai 
acoiulio  norre  fibres  arise  directly  from  tha  hair  cells,  is  in  disagreement 
with  the  ftndinf^  of  otiier  invest ift&tom. 

t  R«tiiiu9,  O.  Die  Rndigung^weixe  des  (!ch5merven.  Kicil.  I'ntersiich. 
Stockbolm,  n.  F.,  Bd.  iii  (1U92),  S.  ^-30. 
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ten,*  Riiiiion  y  Cajal.t  von  LenhoasOk.t  and  Kniusc  ").  Inae- 
mucli  as  the  endings  in  the  macula  acustica  sacculi  (Fig.  3:)3) 
correspond  dosoly  to  those  in  the  macula  acustica  utricnli,  the 


ItatigtiuH  tpirale. 


III.  33).— lii-n  niiilitiirj'  vcHirli'  with  the  nri 
lir>-i>  »1  the  Dflli  wci-k.  i  .AfliT  His,  .li 
.■Mil,  FiR.  3X1. 1 


M-buuk.  S. 


<lueHtion  may  naturally  be  raised  as  to  whether  tbe  saccnlsr 
hrant-li  of  the  nervus  cochlese  really  may  not  subflerre  the  same 
functions  us  we  now  attribute  to  the  branches  of  the  nerrns 
vestibuli.  In  the  latter  event  it  would  perhaps  be  justifiable  to 
remove  the  neurones  corresponding  to  the  nerrus  BaccutariB 
from  the  group  of  perij)heral  auditory  neurones,  and  to  in- 
cliido  them  with  the  group  at  present  under  conaideratioD. 

The  centnil  pro!  on  fiat  ions  of  the  cells  of  the  ganglion  vestibn- 
lure,  united  into  a  compact  mass  us  the  nervus  veatibnli,  enter 
tlie  central  nervous  system  at  the  junction  of  the  medulla  and 


*  van  (irhnfMvn,  A.  Cmitriliiilions  il  riHutte  dt?s  |;anglionE  e^r^bro- 
KliiiiHiLx.  Hull.  Ai'wI.  my.  il.  sc.  ile  Bfitg..  Bnix.,  3.  s.,  t.  xxiv  (1893).  pp. 
IIT-LU 

-t  Itnin-'iii  T  OjhI.  H.  KI  niirvn  coin'cjito  ilc  la  histologift  de  Im  centruii 
rMTvi.wis.     I{pv.  .Ir.  .k-n.  i.u'il.  ilc  Unr..!..  vol.  xviii  (1893),  pp.  861-37$;  and 


I'l'-  ■ 


n'('ni-ii<lii.'iiiiK('n  in  ilon  Maculf  uni]  CriMv 
l>[li. :  Arb.  atis  anat.   Instit..  Bd.  lii,  ll^ri. 


"  Kniiiw.  It.     I>k  KniiiEiiiip<wpisf  i]i«  Xer^-.  Ai'ii-slicm  im  GebOrorgtm. 
Wrbatiai.  .1.  Html.  (ii-scllKh..  Ji-iia.  Ihl.  X  (HiNMl.  H  1B5-IT3. 


GBOUPINO  AND  CHAINING  TOGETHER  OK  NEURONES.     uOL 

the  pons  as  the  vestibular  root  of  the 
acoiiistic  nerve  (radix  vestibularis  X. 
acustici).  The  demonstration  by  von 
Bechterew  *  in  1885  of  the  existence 
and  anatomical  independence  of  two 
roots  to  the  nervus  acustieus,  one 
(posterior  and  lateral)  connected  with 
the  cochlea,  the  other  (anterior  and 
medial)  connected  with  the  vestibule 
and  semicircular  canals,  formed  the 
starting  point  of  the  series  of  inves- 
tigations which  have  gradually  solved 
the  much-vexed  questions  concern- 
ing the  origin  and  central  connec- 
tions of  the  "acoustic"  or  eighth 
nerve.  Von  Bechterew's  researches 
found  a  most  important  confirmation 
and  extension  in  the  investigations 
of  His.f  This  root  enters  at  a  point 
farther  anterior  (cerebralward)  than 
does  the  cochlear  root.  It  is  also 
situated  medial  to  the  cochlear  nerve, 
and  after  entrance  passes  obliquely, 
medial  to  the  corpus  restifornie  (be- 
tween it  and  the  tractus  spinalis 
nervi  trigemini),  in  a  dorsal  and  me- 
dial direction  toward  the  floor  of  the 
fourth  ventricle.  A  little  lateral 
from  a  point  midway  between  the 
median  line  of  the  medulla  and  the 
lateral  margin  of  the  corpus  resti- 
forme  at  this  level,  the  root  fibres,  as 
von  Kolliker  and  Held  have  shown, 
undergo  bifurcation,  dividing  into  a 
coarse  descending  and  a  more  deli- 
cate ascending  limb.     This  bifurca- 


I.  33£.— nrheme  of  perii^cnl 
terroinuliiin  of  N,  vuttibuli. 
(AfhT  U.  Kctzlua.  Biul.  Un- 
tenuch.,  StDcktiolm.  ii.  P., 
Bd.  iv.  ISBS.  p.  Sa,  Fig.  7.) 
to.  n-ntral  nervuuti  iiyBtciu ; 
fi,  delicate  suptmrtintt  crll : 
ft*,  haircclU;  ™,  aione  of  S. 
vpBtihdli :  «z,  perikHryon  nf 
vestibular  upunmc  in  the 
gBiiKlion  vi-Htihulaiv. 


*  Becht«rew,  W.  Ueber  die  innere  Abtheilung  des  StrickkSrpers  iind 
den  KchUn  Hirnnerven.    Neurol.  Centrftlbl.,  Leipz..  Bd.  iv  (1885).  S.  145-147. 

f  TIis,W.  Zar  Oeschichte  lies  Gehirns  sowie  der  eentraleti  und  peripher- 
ischen  Nerrenbahneii.  Abhandl.d.  inath.-phj-s.  CI.  d.  k.  sSchs.  Gesellsch,  d. 
Wissensch^  Leipz.,  n.  F.  135  (188(^}.  Bd.  ilv. 
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tioii  is  esquiBitely  d  em  on  Bt  rated  in  one  of  Bamdn  y  Cajal's 
preparations  (Fig.  ;t;J4).  The  descending  limbs  of  the  Te«i- 
bulur  fibres  together  make  up  the  well-knovn  radix  deseeiid- 
eiis  uervi  vestibiili.* 


Fii^  33.1.  tMiUtdl  iiiipn-fiTiHttil  iiiU'ri'pitlii'luiK'iiil  arburiztttiuii  from  the  nuiub 
Hi-\MU-a  Mi'i'iiti.  M<-th<xliir(inlfii.  ( Artvr  M.  i-on  Uiib.iwiiL,  Aiul.  H'tlv 
Wii-^li..  IM.  iii.  H>-f[  ix.  IM»3.  Tat.  liii.  Kin.  3.} 


■i.  H.'ft  ix,  ISM.  Taf.  liii*  Fin-  3.) 

The  root  fibres  of  the  nerve  of  the  vestibule  come  into  oon- 
dui^tion  relation  by  means  of  the  collatoralB  and  terminals  of 
their  iixunes  with  tlie  so-tailed  "  nuclei  of  reception  "  or  nwiei 
termiiiiiles  (Kiiilkente  of  the  (terniaiis)  of  this  nerve.  In  the 
descriptions  of  no  part  of  the  medulla  lias  there  been  more  con-- 
fusion,  perhaps,  than  in  those  of  the  region  of  the  nuclei  of 
termination  of  the  acoustic  nerve.  The  older  literature,  well 
epitomized  by  Onufrowicz.f  is  a  mass  of  the  most  bewildering 
and  contradictory  statements,  which,  together  with  the  varying, 


*  This  mot,  I'alleii  lij  M^'ynl^r1  thn  innere  Abtlieilang  det  SlrickkSrpen. 
vas  rnri'fully  stiirliiil  Htir]  iksr^rib.'il  by  ('.  F.  W.  Rollrr— Eitie  ftutstfligetidr 
Afusticiiswurzi'l.  Anh.  f.  inikr.  Anal..  Bnnii.  B<l.  xviii  (1880).  S.  408-4W; 
8I11I  In  SiifiliPniliTaiiMnRenib'ii  .\i-iistiru«wnrzel.  Arch.  f.  PsyphUt.u.Ser- 
v.nkr.,  Il--rl..  It.l.  xiv  IIHKt).  S.  -WH-HiO— hut  wss  vrrnnenusly  desi|mat«d  hj 
hitn  ■luUleiiir,,.}-  \Vur2,l.  II,.  biOicvpd  (hat  it  hail  its  oriftin  in  the  f«»cfcu- 
I<iM-unn>liis. 

♦  <iniifmwicz.  B.  KxiH-riiiii-nlpHpr  llcilraK  lar  Kcnntnisa des UtaprnriKS 
f\f*  NiTviis ai-iisiii'iiH iIpx  KaiiiiichfiiH.  Aruh.  f.  Pgjrcliiat.  u.  Nerrenkr.,  B«rL. 
Uii.  nvi(188.'ij..S.  71I-T43. 
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Fio.  334.— L«t«iHl  i«)citta1  acctioii  through  the  rhonilH'iiiTiihiiliiii  <if  a  firtul 
mouse.  (After  S.  Rani6ii  y  <^b1.  BcitiaK  iiini  Sluililmi  a>>r  Miiiullti  Ohlun- 
mta,  etc..  LviiKt.,  IHBO,  S.  63.  tlfc.  ITl  The  WH-tion  in  nUtircly  thick  nud 
rhinn  dutinrtly  tlip  bifuroilioD  of  thv  n>»t  fihnw  iif  thi-  N.  vi«tibii11.  a.  rwit 
fihm:  i,  ancondiiiK  limhs;  /.  (-ontiniistion  iif  unrcnitiiiK  limhii  iiit»  tiiioIcuh 
N.  Tcatibali  nuperior  <  Brchh-n-w  i  unil  nurli-iiK  i-crphclliMi'UHtk^us  :  r,  di>aiviid- 
inp  limb  uf  large  cHlibn- ;  <).  cntlati-raln  tcnuitMthix  in  iiuclcu*  N.  v<-Hliliuli 
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overlapping,  and  inconsequent  nomenclature  employe<l,  have 
made  the  older  articles  so  puzzling  as  to  render  them  almost 
worthless  to  the  student  of  to-day.*  I  shall  not  attempt,  there^ 
fore,  a  tedious  resume  oi  the  bibliography,  but  shall  state  as  sim- 
ply as  possible  my  own  views  regarding  these  nuclei,  which  hare 
been  formed  after  study  of  serial  frontal,  and  horizontal  sections 
through  the  medulla  of  the  foetus  and  the  adult  with  Miss  Flor- 
ence Sabin,  and  after  a  careful  comparison  of  our  findings  with 
those  of  von  Hechterew,f  Flech8ig,J  Baginski,*  von  Monakow,] 


*  The  extreme  complexity  of  the  partes  and  the  limitations  of  technique 
of  the  period  excuse  the  labyrinth  of  errors  into  which  the  older  investiga- 
tors were  led.  Amid  the  general  confusion  a  reader  of  the  older  artiele?^ 
can  not  help  Vwing  impresstnl  with  the  careful  objectivity  of  the  descrip- 
tions of  the  great  Knglish  neurologist,  J.  Lockhart  Clarke  (Researches 
on  the  Intimate  Structure  of  the  Brain,  Human  and  Comparative,  Phil. 
Tr.,  Lond.,  vol.  cxlviii  (1858),  pp.  231-259. — Researches  on  the  Intimate 
Structure  of  the  Hrain,  ihid.,  vol.  clviii  (1868),  pp.  203-331).  The  puhli- 
cations  of  John  Deun,  of  Boston  (The  Gray  Substance  of  the  Medulla 
Oblongata  and  Trapezium,  4to,  Smithsonian  Contributions  to  Knowledge. 
Washington,  1H64),  show  excellent  illustrations  of  the  region  in  question. 
The  original  articles  of  ().  P.  C.  Deiters  (L'ntersuchungen  ueber  Gehim 
und  Kiickenmark  des  Menschen  und  der  Sftugethiere,  nach  dem  Tode 
des  Verfassers  herausgegeben  und  bevorwortet  von  Max  .Schultzc,  8vo, 
Braunschweig,  1865)  should  be  consulted  by  any  one  wishing  to  under- 
stand the  position  taken  by  this  celebrated  neundogist  concerning  the 
nuclei  in  (piesticm. 

f  von  Bechterew,  W.  Ueber  die  innerc  Abtheilung  des  Strickk5rpers 
und  den  achten  Ilirnnerven.  Neurol.  Centralbl.,  Leipz.,  Bd.  iv  (1885>.  S. 
145-147;  [C)rigin  and  Course  of  Stria)  meiiullares  s.  acustic«.]  Med.  Oboxr., 
Mosk.,  vol.  xxxvii  (18()2),  pp.  470-478:  also  in  Xenrol.  Cent ralbU  Lei pz..  Bd. 
xi  (lH92),S.2y7-:^05.— Der  hintere  Zweihllgel  als  Centrum  fur  das  GehHr.  die 
St i mine  und  die  Reflexbewegungen.  Xeun)l.  Centralbl.,  Iieipz.,  Bd.  xIt 
(1895),  S.  706-712. 

t  Flerhsig,  P.  Zur  I^-hre  vom  centralen  Verlauf  der  Sinnesnerven. 
Neurol.  Centralbl.,  Leipz.,  IM.  v  (1886).  S.  545-551.— Wei tere  Mittheilungen 
Uber  die  Beziehuiigen  des  unteren  Vierhdgels  zum  Il^merven.  Xeaiol. 
Centralbl.,  Leipz.,  Bd.  ix  (1S1>0),  S.  08-1()0. 

•  Haginski,  B.  Cnher  don  UrRprung  und  den  centralen  Verlauf  des 
Nervus  a<'iisti('us  des  Kaninchens.  Arch.  f.  path.  Anat.,  etc«.  Berl.,  Bd.  ct 
(1MH6),  .s.  2K-46. — Uebor  den  Crsprung  und  den  centralen  Verlauf  des  Nervus 
acusticus  des  Kaninoliens  und  der  Katze.  Arch.  f.  path.  Anat,  etc^  Beri., 
lU.  cxix  (1800),  S.  81-93. 

I  von  Monakow,  C.  CeW-r  den  Crsprung  und  den  centralen  Verlauf  des 
Nervus  acusti<  us.  Cor.-Bl.  f.  schw.-iz.  Aerzte,  Bd.  xvii,  1887,  No.  6;  abstnot 
in  Neurol.  Centralbl.,  Leipz.,  Bd.  vi  (1887),  S.  201. 
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Sala,*  Held,  f  P.  Martin,  J  Cramer,^  Eamon  y  Cajal,||  and 
others. 

There  are,  in  accordance  with  the  views  of  the  majority  of 
recent  investigators,  at  least  four  well-defined  primary  nuclei 
of  termination  in  connection  with  the  vestibular  nerve :  (1)  The 
nucleus  nervi  vestibuli  medialis  (Schwalbe) ;  (2)  the  nucleus 
nervi  vestibuli  spinalis  (radix  descendens);  (3)  the  nucleus 
nervi  vestibuli  lateralis  (Deiters);  and  (4)  the  nucleus  nervi 
vestibuli  superior  ( Flechsig,  von  Bechterew).  In  addition,  the 
nervus  vestibuli  comes  into  direct  conduction  relation,  (a)  (prob- 
ably chiefly  by  means  of  collaterals)  with  the  nucleus  nervi 
cochleae  ventralis ;  (b)  (by  means  of  ascending  limbs  of  divided 
root  fibres  or  collaterals  from  these)  with  the  mass  of  nerve 
cells  (Ramon  y  Cajal's  nucleus  cerehello-acnsHcus)  in  the  lateral 
wall  of  the  ventricle,  dorsal  to  Bechterew's  nucleus,  and  (r) 
with  the  nuclei'  of  the  roof  of  the  fourth  ventricle  (nuclei  fas- 
tigii)  on  both  sides  of  the  middle  line,  and  {d)  possibly,  accord- 
ing to  Ramon  y  Cajal,  by  means  of  a  few  fibres  with  the  nucleus 
dentatus  cerebelli  and  the  cerebellar  cortex. 

Concerning  the  exact  topographical  relations  of  the  four 
principal  nuclei,  the  descriptions  in  the  bibliography  are  not 
only  very  incomplete,  but  there  is  also  considerable  variance 
between  the  statements  of  different  authors.  Florence  Sabin 
has  made  from  serial  sections  a  flat  reconstruction  of  the  exact 
limits  of  these  nuclei  as  they  exist  in  the  new-bom  babe,  and  we 

• 

*  Salii,  L.    Sur  Torigine  du  iierf  acoustique.     Arch.  ital.  de  biol.,  Turin, 

t.  xvi  (1891-*92),  pp.  196-207 ;  also  in  Monitx)re  zool.  ital.,  Firenze,  vol.  ii 
<1891),  p.  219. 

f  Held,  H.  Die  centralen  Bahnen  des  Nervus  acusticus  bei  der  Katze. 
Arch.  f.  Anat.  und  Physiol.,  Anat.  Abth.,  Leipz.  (1891),  S.  271-291.— Die 
Endigungswoise  der  sonsjblen  Nerven  iin  Gehirn.  Arch.  f.  Anat.  u-  Physiol., 
Anat.  Abth.,  Leipz.  (1892),  S.  33-39. — Uel)er  eine  directe  acustische  Rinden- 
bahn  und  den  Ursprung  dcs  Vordcrseitenst ranges  beira  Menschen.  Arch.  f. 
Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1892),  S.  257-264.— Die  centrale  Ge- 
hOrieitung.    Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1893),  S.  201-248. 

X  Martin,  P.  Ziir  Endigung  des  Nervus  acusticus  im  Gehirn  der  Katze. 
Anat.  Anz.,  Jena,  Bd.  ix  (1893-'94),  S.  181-184. 

*  Cramer,  A.  BcitrUge  zuin  feinoren  Anatomie  der  Medulla  oblongata 
und  der  BrQcke  init  besonderer  BerUeksiehtigung  des  3-12  Ilirnnerven, 
Jena,  1894. 

I  Ram6n  y  Cajal,  R.  Beitrag  zum  Studiuni  der  Medulla  obl(»ngata,  des 
Kleinhirns  und  des  IJrspni ng  der  Gehirnnerven.  Deutsche  L'ebersetz.  voni 
Bresler,  Leipzig,  1896. 
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are  presented  for  the  first  time  in  her  article  *  with  a  diagram 
which  shows  clearly  (at  least  in  two  dimensions)  the  size  and 
relative  positions  of  the  nuclei.  Miss  Sabin's  diagram  is  repro- 
duced in  Fig.  335. 

It  will  be  seen  in  the  diagram  (Areas  M  and  Y)  that  the 
large  nucleus  nervi  vestibuli  medialis,  beginning  spinalward  a 
little  above  the  middle  of  the  nucleus  nervi  hypoglossi,  extends 
cerebralward  to  a  level  corresponding  approximately  to  the 
spinal  extremity  of  the  nucleus  nervi  abducentis.  Its  medial 
border  reaches  almost  to  the  median  line  of  the  floor  of  the 
ventricle,  going  over  without  sharp  limit  into  the  central  gray 
matter,  while  laterally  it  fuses  with  and  is  with  difficulty  distin- 
guishable from  the  nucleus  nervi  vestibuli  spinalis  (radix  de- 
scendens).  The  latter  nucleus  is  made  up  of  great  numbers  of 
cells  situated  in  the  gray  matter  surrounding  the  descending 
root,  and  also  of  many  cells  interspersed  among  its  fibres.  The 
fibres  of  the  descending  root,  as  the  cross  section  (Fig.  336) 
shows,  are  arranged  in  small  bundles  among  which  gray  matter 
rich  in  cells  is  everywhere  distributed.  The  nucleus  of  the  de- 
scending root  represents  at  least  one  of  the  principal,  if  not  the 
principal,  end-station  of  vestibular  fibres. f 

The  antero-lateral  extremity  of  the  medial  vestibular  nucleus 
(Miss  Sabin's  nucleus  Y)  is  undoubtedly  the  most  important 
part  of  the  medial  nucleus.  In  transverse  section,  nucleus  Y  is 
triangular  in  shape  with  the  apex  ventralward,  hence  the  name 
nucleuH  friangtdaris  given  to  it  by  some  authors.  In  it  are 
situated  an  enormous  number  of  cells  closely  crowded  together, 
in  among  which  ramify  very  many  rather  fine  medullated  fibres 
from  the  area  in  which  the  nervus  vestibuli  bifurcates.  The 
nucleus  Y  tapers  out  posteriorly,  and  finally  disappears  ante- 
riorly just  medial  to  the  wide  part  of  the  medial  poftion  of 

♦  Sabin,  Florence  R.  On  the  Anatomical  Relations  of  the  Nuclei  of  Re- 
ception of  the  Cochlear  and  Vestibular  Nerves.  Johns  Hopkins  Ilosp.  Bull., 
Bait.,  vol.  viii,  1897,  pp.  253-259. 

f  It  is  rather  amusing  to  find  that  in  the  earlier  history  of  the  vestibular 
nuclei  the  medial  nucleus  was  spoken  of  by  Schwalbe  as  the  Hauptkem  des 
Acusticus.  Later  the  superior  nucleus  (v.  Bechterew)  was  described  as  the 
Hauptkem  des  Acusticus.  It  would  be  unfortunate  if,  in  agreement  with 
Ram6n  y  Cajal  and  myself,  still  others,  coming  to  the  conclusion  that  the 
nucleus  of  the  descending  root  is  the  principal  nucleus,  should  introduce  a 
third  Hauptkem  dea  Acusticus  ! 
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Deitera'  nucleus  as  shown  in  the  diagram  (Fig.  335).  Posterior 
to  it  (that  is,  spinalwurd  from  it)  is  situated  the  itncleut)  of  the 
descending  root,  and  tlie  junction  of  the  two  nuclei  is  marked 
hy  a  regular  vortex  of  fine  meduUated  fibres.* 
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The  nucleus  nervi  vestibuli  superior  (Fleehsig,  v.  Bechte- 
rew)  is  represented  in  the  diagram  by  the  area  S,  outlined  by 
the  very  heavy  black  line.  It  begins  posteriorly  at  a  level 
somewhat  behind  that  of  the  anterior  end  of  the  medial  nu- 
cleus, but  is  placed  much  more  laterally  and  dorsally,  so  that  it 
lies  in  reality  in  the  lateral  wall  of  the  fourth  ventricle  and  in 
the  ventro-lateral  angle  of  this  cavity  rather  than  in  its  floor 
(Fig.  337).  At  the  inferior  end  it  is  intimately  connected  with 
the  fibres  of  the  pedunculus  flocculi ;  indeed,  its  lower  limit 
is  only  with  great  difficulty  determined,  owing  to  the  intimate 
admixture  of  fibres  and  cells.  At  its  upper  (anterior)  extrem- 
ity it  tapers  out  into  a  narrow  mass  of  cells  which  can  be  fol- 
lowed anteriorly  as  far  as  the  level  of  the  principal  motor  nu- 
cleus of  the  nervus  trigeminus.  The  main  mass  of  the  superior 
nucleus  of  the  N.  vestibuli  is  ventral  and  medial  to  the  ventral 
portion  of  the  brachium  conjunctivum.  At  its  lower  (poste- 
rior) extremity  it  is  medial  and  dorsal  to  the  corpus  restiforme, 
where  the  latter  turns  up  into  the  cerebellum.  Just  anterior 
to  the  point  in  which  the  connection  of  the  pedunculus  flocculi 
with  Bechterew's  nucleus  is  most  apparent  the  nucleus  lies  ven- 
tral to  the  corpus  dentatum  and  dorsal  to  the  corpus  resti- 
forme, being  intercalated,  as  it  were,  like  a  buffer  between  these 
two  structures. 

The  nucleus  nervi  vestibuli  lateralis  (Deiters')  is  situated 
between  the  medial  nucleus  and  Bechterew's  nucleus,  lateral  to 
the  former  and  ventral  and  somewhat  medial  to  the  latter  (Fig. 
337).  Miss  Sabin's  diagram  shows  clearly  its  division  into  two 
parts,  L  and  L,.  The  portion  L  is  situated  in  front  of  (anterior 
to)  and  medial  to  the  portion  Lj.  I  would  suggest  that  these 
two  portions  of  the  nucleus  nervi  vestibuli  lateralis  be  desig- 
nated, temporarily  at  least,  as  the  Pars  medialis  (L)  and  Pars 
lateralis  (L,).  I  wish  to  lay  stress,  however,  upon  the  fact  that 
the  subdivision  of  Deiters'  nucleus  here  made,  refers  only  to 
relatively  gross  relations,  for  microscopic  examination  shows 
that  the  two  parts  are  in  reality  made  continuous  with  one  an- 
other by  a  few  scattered  cells  which  are  interspersed  among 
the  root  fibres  of  the  nerve.  The  cells  in  L  and  Li  are  very 
large  multipolar  ganglion  cells,  closely  resembling  the  cell 
bodies  of  the  lower  motor  neurones  (cells  of  ventral  horns  in 
spinal  cord,  motor  nuclei  in  medulla).  The  study  of  serial  sec- 
tions shows  very  clearly  the  remarkable  relations  of  Deiters'  nu- 
34 
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ileus  to  the  vestibular  root  fibres.  The  fibres  entering  as  a 
tolerably  compact  bundle  penetrate  the  medulla  to  the  region 
of  this  nucleus,  and  then,  suddenly  stopping  their  dorso-medial 
cour!^,  bifurcate,  the  coarse  descending  limbs  passing  immedi- 
ately downward  after  division  in  the  radi:!  descendens  nervi 
vestibuli.  The  diagram  {Fig.  335)  shows  how  Deiters'  nucleus 
(L„  L)  sits,  as  it  were,  like  a  cap  upon  the  descending  root.  The 
medial  portion  of  the  nucleus  L  is  separated  from  the  lateral 
portion  L,  by  the  entering  root  fibres. 

Just  how  far  down  the  fibres  of  the  descending  root  go  it  is 
ditlicult  to  say.  They  can  certainly  be  followed  to  a  level  pos- 
terior to  the  middle  of  the  nucleus  nervi  hypoglossi.  Rum6n  y 
t'ujal  has  been  able  in  the  mouse  to  follow  them  below  the  gan- 
glion commissurale  of  the  tractus  solitarius. 

What  is  the  fate  of  the  ascending  limbs  of  division  of  the 
axones  of  the  nervus  restibuli  ?  The  careful  studies  of  v. 
Kolliker,  Held,  and  Ramon  y  Cajal  with  Golgi's  method  have 
determined  their  course.  They  pass  in  a  dorsal  and  somewhat 
lateral  direction,  pursuing  a  tortuous  and  very  irregular  course 
into  the  nucleus  nervi  vestibuli  superior,  where  all  of  them  give 
off  numerous  collaterals  and  many  of  them  end.  The  coarser 
fibres  among  them  pass  up  medial  to  the  corpus  restiforme  and 
terminate  in  the  cerebellum  in  the  nuclei  of  the  roof  of  the 
fourth  ventricle  of  the  same  and  of  the  opposite  side,  and,  ac- 
cording to  Cajal,  give  oS  in  passing  collaterals  to  the  little 
mass  of  nerve  cells  situated  in  their  course  (his  nucleus  cere- 
bello  acHSlicus).  The  fibres  of  the  direct  cerebellar  bundle  of 
the  nervus  vestibuli  are  doubtless  among  the  bundles  of  medul- 
iated  fibres  seen  in  Fig.  337,  extending  between  the  region  of 
Deiters'  nucleus  through  Bechterew's  nucleus  and  the  brachium 
conjimctivnm  to  the  region  of  the  nucleus  fastigii,  though  they 
do  not  represent  the  majority  of  these  fibres.*  It  is  impossi- 
ble, however,  from  Weigert-Pal  preparations  to  say  in  every 
instance  in  which  direction  the  fibres  are  running — whether 
from  the  medulla  to  the  cerebellum,  or  from  the  cerebellum  to 
the  medulla. 

The  connection  of  ascending  limbs  of  vestibular  fibres  with 
the  medial    nucleus  (its  anteto-lateral  extremity,  nucleus  Y) 


*  For  a  Btiidj  of  the  niicleua  fastigii  by  Qolfri's  method,  see  R&mun  j 
CajaL    Ganglions  cerebelleux.    Bibliogr.  aoat.,  Par.,  t.  iij  (18B5),  p.  33. 
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and  with  Deitcrs'  niicleu»  appears  to  be  mainly  by  meanii  of 
oollatoruU.  Ill  Wcigert-Pal  pri'parAtions  enormous  nutii)>ers  of 
fibres  are  seen  to  enter  nuclena  Y,  but  it  ia  impossible  toMj 
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wlietliiT  these  arc  collatenils  or  iiKcending  limbe  of  divided  root 
fibres.  Tbe  JowiT  portions  of  tbe  medial  nucleus  retwire 
inimerous  i  oilaiertils  from  tbo  (lew-ending  limbs  rnnning  in  the 
railis  desiemieiis.  A  preat  many  collaterals  from  the  fibres  of 
the  dt'seendin;:  root  end  in  Dejters"  nnclcus,  where  they  form 
most  eoniplieuteil  penifllnbir  plexuses  (Fig,  338).  The  m*- 
jority  of  the  eolhitcrals  and  terminals  of  the  descending  limbt 
end.  however,  in  the  gray  matter  immefliately  adjacent — L  e.. 
in  tlie  niielenx  nervi  vestibuH  xpinutiii.     Ramdn  y  Cajal  insists 
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that  the  innumerable  collaterals  of  the  descending  root  form 
without  doubt  the  chief  termination  of  the  vestibular  nerve. 

A  very  welcome  confirmation  and  extension  of  modem  views 
concerning  the  distribution  of  the  root  fibres  of  the  vestibular 
nerve  has  been  furnished  by  Thomas.*  The  reader  is  referred  to 
his  experiments  in  which  he  cut  the  root  and  subsequently  studied 
the  distribution  of  the  fibres  by  means  of  the  method  of  Marchi. 

The  student  of  the  microscopic  anatomy  of  the  medulla  ob- 
longata can  not  fail  to  be  impressed  with  the  importance  of 
these  complex  gray  masses  in  connection  with  the  collaterals 
and  terminals  of  the  axones  of  the  peripheral  vestibular  neu- 
rones.    Such  an  elaborate  end-apparatus  in  a  region  where 


Periphery. 


JTiteialis 


Fig.  339. — Ganglion  geniculi  of  a  newborn  mouse.  (After  M.  von  Lenhoee^k.) 
Unip)lar  nerve  cells  giving  off  wntral  axones  to  the  N.  intermedins ;  a,  point 
of  bifurcation  ;  6,  isolated  fibre  of  the  N.  petrosus  superficialis  migor. 

space  has  been  economized  to  the  utmost  must  be  of  the  high- 
est physiological  significance. 

The  central  axones  of  the  cells  of  the  geniculate  ganglion  f 

*  Thomas,  A.  Les  terminaisons  centrales  de  la  racine  labjrinthique. 
Compt.  rend.  Soc.  de  biol.,  Par.,  10.  s.,  t.  v  (1898),  pp.  183-185. 

f  This  ganglion  in  early  embryonic  life  is  a  portion  of  the  general  fan- 
shaped  Ganglion  acusticofaciale  of  His.  The  centripetal  fibres  arising 
from  this  ganglion  decussate  at  the  apex  of  the  triangular  ganglionic  mass, 
and  enter  the  medulla  in  the  form  of  two  bundles — a  lateral  and  a  medial. 
The  peripheral  fibres  diverge  as  the  cochlear  and  vestibular  nerves.  The 
motor  facial  nerve,  whose  cells  of  origin  are  inside  the  pons,  breaks  through 
this  ganglionic  mass,  carrying  with  it  the  group  of  cells  corresponding  to 
the  geniculate  ganglion.    Cf.  iiis,  W.    Die  morphologische  Betrachtung 
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(nervus  intermedius)  join,  in  all  probability,  the  intracentral 
prolongations  of  the  N.  vagus  and  X.  glossopharyngeus.  The 
peripheral  axones  accompany,  in  large  part  at  least,  the  bundle 
of  motor  axones  which  constitutes  the  X.  facialis  (Fig.  339). 

The  cell  bodies  of  the  sensory  neurones  of  the  nervus  fri- 
geyninus  are  situated  in  the  ganglion  semilunare  (Gasaeri) 
(PI.  I,  Fig.  2).  They  are  unipolar,  like  the  cells  of  the  spinal 
ganglia.  Their  meduUated  central  axones  form  the  ponio 
major  of  the  fifth  cerebral  nerve  (Fig.  340).  The  peripheral 
processes  of  the  ganglion  cells  are  distributed  to  the  skin  of 
the  face  and  the  mucous  membrane  of  the  mouth.  The  cen- 
tral prolongations  plunge  tlirough  the  substance  of  the  pons 
into  the  region  of  their  nuclei  of  reception  (Fig.  341),  where 
they  bifurcate  *  (Fig.  34*2),  being  thus  distinguishable  from  the 
motor  fibres  of  the  fifth  nerve,  which  do  not  bifurcate,  f  The 
descending  limb  of  bifurcation  is  coarse ;  the  ascending  is  fine, 
and  terminates  after  rather  a  short  course  in  that  portion  of 
the  substantia  gelatinosa  often  spoken  of  as  the  main  nuelens 
of  recei)tion  of  tbe  sensory  portion  of  the  trigeminus.  In  real- 
ity this  is  only  the  much  expanded  upper  portion  of  the  sub- 
stantia gelatinosa.  The  descending  limbs  pass  a  long  way  down, 
the  meduUated  axones  forming  the  well-known  tractus  spinalis 
nervi  trigemini,J;  which  runs  through  the  whole  length  of  the 


der  KopfiuTven.  Arch.  f.  Aunt.  u.  Physiol.,  Anat  Abth.,  Leipz.,  1887,  S. 
379-45:J:  and  His,  Jr.,  W.  Zur  Kntwiokelungsgeschichte  des  Aciistico- 
FacialKcbietos  beim  Menschen.  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.. 
1«81),  Suppl.-Bd.,  S.  1-28. 

*  The  bifurcation  of  the  sensory  axones  of  the  X.  trigeminus  ohserred  by 
Ramon  y  Cajal  ((iac.  san.  de  Harcel.,  10  April,  1801)  has  been  eonfirmod  by 
von  Kolliker,  Hold,  and  van  Gehuchten. 

t  In  Weigert-Pal  preparations  the  sensory  fibres  of  the  N.  trij^niinus  are 
of  fine  calibre,  and  stain  of  a  brownish-black  color;  the  motor  axones  are 
much  coarser  in  calibre,  and  stiiin  of  a  deep  bluish-black  color. 

J  Why  even  the  first-class  text-books  persist  in  calling  this  spinal  bundle 
the  ascendinjr  root  of  tho  fifth  (the  Germans  constantly  referring  to  it  as 
(he  fntfsfriip'ude  Wurzef)  T  can  not  understand.  This  is  a  serious  mistake, 
and  notliinp:  is  m<>re  calcuiated  to  confuse  the  beginner  than  the  continuance 
of  sucli  an  erroneous  nomenclature.  The  fibTes  descend ;  they  are,  in  fact, 
the  meduUated  descending;  limbs  of  the  divided  axones  of  cell  bodies  sito- 
at«'d  in  the  Gass«'rian  jran«rlion.  By  naming  it  the  ** spinal  tract  of  the  tri- 
l,^eminus,"  or  tra<?ius  spinalis  nrrvi  trigemini.  we  avoid  the  oonfuMon  with 
the  radix  descendens  (mesencephalica)  nervi  trigemini,  the  meduUated  motor 
axones  descending  from  the  nuclei  motorii  minores  nervi  trigeminL 
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medulla,  going  eTett  below  the  level  of  the  decusBatioa  of 
the  pyramids.  These  fibres  on  their  way  give  off  great  num- 
bera  of  collaterals  and  terminals,  to  end  free  in  the  neighboring 


I 


10.  340.— Cerrbrum,  with  k  pordon  of  the  Hpinal  cord,  viewed  fmm  the  ventral 
giiHace.  On  the  rigbt-hand  fide  the  vi'ntral  roots  are  t.'ut  itff  short  aud 
turned  medialward.  (After  RudiiiRer  nnd  Henle.  tnim  A.  RoubiT's  tf it- 
book. )  /.  tiBctus  olfoetoriux;  II,  tnctiu  opticus :  III.  S.  oculomoturius  ; 
IV.  N.  trochle»ri«;  I',  N.  trinnninun.  portio  major  ot  piirtio  mincir;  17.  N. 
■    "■   ■   Unuediuii:  17//,  N.  aiUHtitus:  IX, 


abducena;   fll.  N.  rttcialia;  17/'. 
?f.  glosBopharyiiReUH  ;  A'.  N, 
ne/,  N.  oervieslu  prioiua. 
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stibetaDtia  gelatinoea,  which  in  reality  fomiB  a  coDtinuouB  col- 
umn of  nuclei  of  reception  for  the  fifth  nerve,  designated  now 
aa  the  nuclei  Iraetvg  spinalfs  nervi  trigemini  (Fig,  343).  The 
fibres  of  this  tract  are  very  characteristic  in  transTerse  sections 
stained  by  the  Weigert-Pal  method  (Fig.  344).     In  the  medulla 


Flti.  31S.— -Si'hi'me  Hhnwins  the  motor  and  Rpngar;  nrDroneH.  the  »ioaraa(  which 
eotci  into  the  rormation  of  tlie  N.  trifti'minue.  (Aflvr  A,  van  Gehuchlrn, 
AnBtamie  des  Byat^me  ucrveui  de  I'hnDiiiit:,  Loiivaln.  1807,  p.  543.  Fig.  3S4. ) 
(•.!•.  C.  fwnglion  Hemilunarr  liHSHFTJ ;  A'n.  n,  m.  n.  l'.,  nui^lei  mubirii  minores 
nervi  trigeminl ;  A'm.  a.  pr.  n.  I'.,  nurlpus  DiotoriiDi  prinui'pg  nervi  trigemini ; 
ftiri.  rfew;.  mw.  n.  I'.,  radii  dfBwndenB  [meM-nrtphsIira]  Dcrvi  trigtmini ;  TV. 
•p.  n,  r,.  tractUH  BpinaliH  nervi  trigeniiQi, 

the  bundle  is  traversed  by  the  root  bundles  of  the  X.  glosso- 
pharyngeua  and  N.  vagus  (Fig.  344),  and  by  some  of  the  fibrse 
cere  bel  1  o-oli  vares. 

Juet  how  far  spinalward  the  tractns  spinalis  extends  there 
seems  to  be  a  difference  of  opinion.  According  to  Gudden,*  it 
probably  reaches  to  the  lowermost  parts  of  the  cervical  cord. 


•  GucMen.  II.    BeitrBRZiir  KenntnissilerWuraplndesTriRei 
Allg.  Ztschr.  f.  Payehiat.,  etc.,  Berl.,  Bd.  xlviii  (18B1-'B2).  S.  16-33. 
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Obersteiner*  puts  ite  lower  limit  at  the  level  of  the  second 
ceiTical  nerve,  while  von  Kdlliker  f  states  that  in  the  region  of 
the  uppermost  cervical  nerves  there  is  no  trace  of  the  spinal 


HI.  3«.— Ijitcnil  miilttal  wc'Iic.n  thniiitili  the  ponB  sn<1  coivbdium  of  a  fo-tal 
luiiiiM.'.  Hhii wing  till- Hi'iiMiry  imrtiiu)  t>ft\w  X.  tTijci'iuinuii.  (Aftcra  B1U11611  y 
41ij"l.  BiirniK  KUiii  SliKliuiii  dir  M.'ilulla  OhlcmgaW.  etc,.  Ix'iwL.  1986,  S.  4, 
Fig.  1.)  A.  piiTtki  uiHJi'ror  aenmiry  nK>t  nt  H.  triKi'minuH ;  the  indivMiuii 
axiim-s  iliviiliiiK  iiitoun  HKcciiiliTiH  (a  I  unit  a  ilfwcniliiiK  linib(t) ;  e.  b'nniiMl 
hniiii-hi>H  uf  ui'i'iiiliiiK  linili :  rl,  rmit  fibres  whirh  )dnk  into  the  di-pth  :  e,  dor- 
m\  part  ordi-MrtniliiiK  fx^i'in  iif  wiimitt  mit :  R.  Iiifurratliin  uf  aii>iii«  uf  N. 
vcHtlhull.  thv  HM'ciidiiiK  linilM  ig)  giiiug  to  tlip  rcn'hi-Uuni,  the  dracendinie 
linilm  (  f]  guing  iliiwiiwanl  bi  the  mrdulla  ohlonKSta:  C.  biachinro  r«n- 
;  J>,  fiuM-ii'iiliiK  t'lTclK'HuriH  ilpwcndeii*  :  E,  corpus  rpHtiformir :  F. 
latfnilis  ;  //.  foniiia  tra|ic»iidpniii ;  O,  iiui'U-us  deiitatus. 

tract  of  the  trigeminus.  A  little  higher  (about  at  the  level  at 
which  the  dorsal  nuclei  of  the  medulla  begin)  he  finds  the  lower 
limit  of  the  spinal  tract.  Cramer  J  traces  it  to  the  distal  end  of 
the  pyramidal  decussation. 

It  has  been  shown  by  Golgi'a  method  by  Ramon  y  Cajal  in 
sagittal  sections  that  the  two  longitudinal  layers  of  the  tractus 


♦  Obcretcinpr.  11.     Atileilung  beiiii  Studiiim  diw  Haiira  Uer  nerrOaen  Ten- 
tral-OrgHne  in  gosundcn  11.  kranken  Zu.^tiiiicje.     Ill  AiiQ.,  Lejpiig  (1896). 
^  Op.  fit..  RA.ii.  S.  aHO. 
t  Op.  eit..  a.  63. 
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FlQ.  845. — ^Horizontal  section  through  the  luedulhi,  }M>ns.  and  midbrain  of  a  new- 
bom  babe.  Weigert-Pal  staining.  Ij«»vo1  of  nucleus  nervi  (K'uloniotorii  and 
nucleus  nervi  trochh*ari.s.  (Series  ill,  s«H'tion  No.  100.)  .^9.  r^r.,  aquwluctus 
cerebri  ;  Br,  conj.^  hnichium  conjunctivum  :  (\p..  coinniissuni  posterior  cere- 
bri; CBerkt.^  commiflAure  l)etween  IWchterew's  nuclei  of  the  two  sides;  T'.r., 
corpofl  retitiforme ;  F./.m.,  fastriculus  longitudinalis  niedialis ;  F.c.  to  F.r.,  fihnw 
from  foHciculuH  cuneatus  to  formatio  reticularis ;  Fih.  arc.  int.^  fibne  anniatae 
intem8e>;  F.  m.,  faM.'.  cuneatus ;  F.r.a.,  fornmtio  reticularis  allM  ;  3/»/.  T..  radix 
motoriuH  N".  trigi^mini ;  S.  T7.,  radix  \.  alMlucentis  ;  X  rest.,  radix  N.  vestih- 
uli;  N.  Vll.iOt  radix  N.  facialis,  pjirs  secunda  :  y.  IXntidX,  radices  Nn. 
glomophAryngei  et  vagi;  N.XII,  radix  N.  hyiM)glossi :  JN'«.c.«.(m),  nucleus 
centialis  superior,  pars  niedialis;  Nhx-hJI ),  nucleus  centralis  superinr,  ^mrn 
lateralis;  A^Mi./., nucleus  lemnisci  lateralis ;  JVm7.«.,  nucleus  latemlis  suiM'rior ; 
Nu.n.III.,  nucleus  N.  wulomotorii ;  JVm. m. /T.,  nuch>us  N.  triK'hlearis ;  L.h., 
Itimniscus  superior;  Nu.f.g.,  nucleus  funiculi  gracilis;  Nu.u.c.r.,  nucleus  N. 
cochlee  ventral  is ;  NH.n.VII,  nucleus  X.  facialis;  'S.p..  substantia  gelatinosa  ; 
8t.i.L^  stratum  interolivani  lenini.sci ;  Slrn.V.,  nidix  sensorius  N.  trigeniini ; 
8i.g.e.f  stratum  grisc*um  centrale  ;  Sni.  gel.,  sulwtantia  gelatin osa  near  en- 
trance of  sensory  part  of  N.  trigeminus;  Tr.s.n.t.,  trairtus  spinalis  N.  trigem- 
ini;  TrJr.nu.D.^  tract  from  Deitcrs*  nucleus  to  the  spinal  cord.  ( lh*epa ration 
by  Dr.  John  Hewetson. ) 


Fi«.  34fi. — TmiiHVorKt'  «efti<ni   tlmmgh  the  tractuH  spinalis  N.  trigemini  and 


into  the  tructus  Hpiualis  N.  trigemini. 
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spinalis  (one  superficial  and  compact,  the  other  deeper,  and 
consisting  of  several  bundles  separated  from  one  another  l)y 
masses  of  gray  matter)  are  formed  by  descending  limbs  of  bi- 
furcated root  fibres  (Fig.  343).  The  superficial  and  deeper 
layers  of  the  tractus  spinalis  are  easily  demonstrable  in  hori- 
zontal sections  of  the  rhombencephalon  of  the  new-born  babe, 
stained  by  the  method  of  Weigert-Pal  (Fig.  345). 

The  collaterals  from  the  axones  of  the  trigeminal  fibres  have 
been  carefully  studied  and  described  by  Ramon  y  Cajal.  He 
divides  them  according  to  the  region  in  which  they  are  foun<l 
into  (1)  interfascicular  collaterals,  (2)  marginal  collaterals,  and 
(3)  medial  collaterals.  The  interfascicular  collaterals  ramify 
among  the  cell  bodies  lying  medial  to  the  superficial  compjict 
layer,  and  among  the  fasciculi  of  the  deep  layer  of  the  tractus 
spinalis.  The  marginal  collaterals,  passing  sometimes  forward, 
sometimes  backward,  ramify  among  tlie  peripherally  placed  spin- 
dle-shaped cell  bodies  (Ratidzellen)  along  the  bundle  of  the 
deep  layer.  The  medial  collaterals  unite  to  form  small  bundles 
which  pass  through  the  fibres  of  the  deep  layer,  and  form  two 
or  three  layers  of  extremely  dense  end-plexuses  in  the  substan- 
tia gelatinosa.  Ramon  y  Cajal  states  that  many  of  these  col- 
laterals, especially  those  arising  from  the  dorsal  part  of  tlie 
tractus  spinalis,  end  in  well-defined  "  cell  islands  "  in  the  dorsal 
part  of  the  substantia  gelatinosa  (Fig.  346). 

The  work  of  Bregman,*  in  which  the  degenerations  follow- 
ing section  of  the  main  branches  of  the  trigeminus  were 
studied,  makes  it  seem  certain  that  in  the  rabbit  the  fibres 
from  the  nervus  oplithalmicus  run  in  the  ventral  part  of  the 
tractus  spinalis  nervi  trigemini,  while  those  from  the  nervus 
maxillaris  and  from  the  nervus  mandibularis  run  in  the  dorsal 
part  of  the  tract.  For  important  data  regarding  the  functions 
of  the  tractus  spinalis  nervi  trigemini,  the  case  studied  clinically 
by  Hun  f  and  pathologically  by  Ira  van  Gieson  is  referred  to. 


*  Bregnian.  K.  Uebor  exi)eriinentolle  aufsteigcnde  Degeneration  motor- 
ischer  iind  sensibler  Ilirnncrven.  Arb.  a.  d.  Inst.  f.  Anal.  u.  Physiol,  d. 
Ceiitralnervensyst.  an  d.  Wien.  Univ.,  Ijeipz.  u.  Wien  (1892),  S.  73-97. 

f  llun,  H.  Analgesia,  Thermic  Anajsthesia,  and  Ataxia  resulting  from 
F(x;i  of  Softening  in  the  Medidla  Oblongata  and  Cerebellum,  due  to  Occlusion 
of  the  Loft  Inferior  Posterior  Cerebellar  Artery.  A  Study  of  the  Course  of 
SMisory  an<l  Co-ordinating  Tracts  in  the  Medulla  Oblongata.  X.  Y.  M.  J., 
vol.  Ixv  (1897),  pp.  51:5-519. 
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Van  Gehuchten,  in  the  first  edition  of  his  text-hook,  de- 
scribed the  ascending  limbs  of  the  fibres  as  passing  up  in  the 
course  of  the  descending  mesencephalic  motor  root  as  far  as 
the  inferior  colliculi  of  the  corpora  quadrigemina  to  the  lateral 
region  of  the  gray  matter  of  the  aqueduct.     The  studios  of 
Lugaro,*  von  KoUiker,  and  Ramon  y  Cajal,  however,  make  it 
probable  that  the  fibres  of  the  descending  mesencephalic  root 
are  chiefly,  if  not  entirely,  motor,  and  in  the  second  edition  of 
Tan  Gehuchten's  work  these  conclusions  are  agreed  with. 

Some  authors  describe   sensory  axones  of  tlie  nervus  tri- 
geminus passing  directly  up  into  tlie  cerebellum.     Tlie  demon- 
stration of  the  existence  of  such  fibres  would  not  be  surprising, 
noMT  that  we  know  that  certain  of  the  axones  of  the  dorsal 
funiculi  and  of  the  nervus  vestibuli  pass  directly  into  the  cere- 
bellum without  undergoing  relay,     ^nevertheless,  such  a  direct 
cerel)ellar  tract  for  the  nervus  trigeminus  has  not  yet  been 
proved  for  human  beings,!  ^^^  ^^^  existence  is  vigorously  oj)- 
poaed  by  von  BechterewJ  and  Turner.*     The  latter,  a  very 
careful  observer,  believes  that  what  has  been  described  as  the 
"  direct  cerebellar  root "  ||  of  the  trigeminus  corresponds  to  the 
fibres  extending  between  the  nuclei  of  the  roof  and  Deiters' 
nucleus,  and  probably  also  to  those  connecting  the  superior  oli- 
^ry  nuclei  with  the  nuclei  of  the  roof.     Obersteiner,^  in  the 
last  edition  of  his  text-book,  expresses  the  opinion  that  those 
who  deny  the  direct  relation  of  the  nervus  trigeminus  to  the 
cerebellum  are  in  the  wrong. 

Centripetal  impulses  arriving  along  the  fifth  nerve  can  affect 
the  motor  nuclei  in  the  medulla  and  upper  cervical  cord  either 
by  means  of  collaterals  from  the  axones  of  the  ])eripheral  nerves 


*  Lugaro,  E.  Siillc  cellule  d'originc  tlellu  nwlice  (lis<'eii(lent^  del  trige- 
mina  Arch,  di  ottal.,  Palermo,  vol.  ii  (1894-'9r)),  pp.  110-119. 

t  van  Gehuchten  has  followed  in  the  embryo  cliiok  by  Golgi's  method 
trigeminal  fibres  directly  into  the  cerebellum  through  the  braohium 
pontis. 

J  von  Bechterew,  W.  Ueber  die  Trigeminuiswurzeln.  Xeurol.  Centralbl., 
Leipi.,  Bd.  vi  (1887),  S.  289. 

•Turner,  W.  Aldren.  The  Central  Connections  and  Relations  of  the 
Trigeminal,  Vago-glossophar}'ngeul,  Vag<)-ueeess(»ry,  and  Hypoglossal  Nerves. 
J.  Anat.  and  Physiol.,  Lond..  vol.  xxix  (1894-'95),  j)p.  1-15. 

I  Edinger's  directe  sensor isr he  Kleinln'rnhnhn. 

*  Oberrteiner,  H.  Anleitung  beim  Studiuni  des  liaues  drr  nrrvoson  Cen- 
ralorgane.    III  Aufl.,  Leipzig  u.  Wien  (1896),  S.  403. 
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themselves,  or  by  means  of  collaterals  or  terminals  of  centrij)- 
etal  neurones  of  a  higher  order. 


It  will  be  seen  that  the  central  prolongations  of  the  cell 
bodies  of  none  of  the  peripheral  sensory  neurones  collecting  im- 
pressions from  the  body  itself  pass  to  the  cerebral  cortex  directly. 
The  centripetal  impulses,  therefore,  which  enter  by  means  of 
these  neurones  into  the  nerve  centres  must  be  carried  to  the 
cerebral  cortex  through  neurones  with  which  these  come  in 
contact.  But  before  describing  these  sensory  neurones  of  a 
higher  order  it  will  be  convenient  to  consider  briefly  the  char- 
acters of  the  peripheral  sensory  neurones  connecting  the  organs 
of  special  sense  w^ith  the  central  nervous  system. 


(B)  Centripetal  Neurones  of  the  First  Order  collecting  Impressions 
of  Special  Sense  (connecting  Organs  of  Special  Sense  with  the 
Central  Nervous  System). 

Under  this  heading  the  gustatory,  olfactory,  visual,  and 
auditory  peripheral  sensory  neurones  will  be  discussed. 

CHAPTER  XXXVI. 

PERIPHERAL  CENTRIPETAL  NEURONES   CONCERNED   IN   THE 

SENSE   OF  TASTE   AND  SMELL. 

Peripheral  centripetal  neurones  mediating  taste  impressions — Nervus  glos- 
sopharjngeus — Nervus  trigeminus — Nervus  intermedins — Taste  buds 
in  tongue — Relation  of  nerve  fibrils  to  taste  bud — Intrageramal  fibres 
— Intergemmal  fibres — Specific  taste  qualities — Peripheral  centripetal 
neurones  mediating  olfactory  impressions — Perikaryons — Distal  hair- 
like  processes — Non-medullated  azones — Tennination  in  olfactory  glo- 
meruli— Regio  olfactoria  of  nasal  mucous  membrane. 

1.   Paripihsrsl  Chutatory  Nenronei. 

Ouatatory  Neurones, — The  peripheral  sensory  neurones 
mediating  taste  impressions  consist  of  a  portion  of  those  of 
the  nervus  glossopharyngeus  and  probably  also  of  the  nervus 
trigeminus  and  nervus  intermedins  *  (Plate  I,  Fig.  2).  In  gen- 
eral, what  has  been  said  regarding  the  collection  by  the  sensory 
neurones  of  the  spinal  and  cerebral  nerves  of  bodily  impressions 
holds  also  for  the  nerves  of  taste.  The  peripheral  branches  of 
the  ganglion  cells  concerned  in  collecting  taste  impressions  come 
ultimately,  however,  into  contact  in  the  mouth  and  tongue  with 
certain  peculiar  structures — the  so-called  taste  buds.f 

The  structure  of  these  bodies  is  well  known  and  has  been 
accurately  described  in  the  text-books.  They  are  egg-shaped 
or  barrel-shaped  masses  of  epithelial  cells  situated  mainly  in 
the  vallate  papillae  and  fimbrite,  though  a  few  of  them  are  scat- 

*  In  this  connection  the  paper  of  A.  F.  Dixon— On  the  Course  of  the 
Taste  Fibres,  Edinb.  M.  J.,  n.  s.,  vol.  i  (1897),  pp.  395-401— may  bo  consulted 
with  profit. 

t  These  bodies  appear  to  have  been  discovered  independently  by  Loven 
ind  Schwalbe  in  1867. 
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tered  elsewhere  over  the  toQgue,  in  the  soft  palate,  and  on  tlie 
epiglottis.     Disae  •  lias  recently  described  similar  structures  as 


occurring  also  in  the  nasal  mucous  membrane.  They  represent 
a  dilTerentiated  portion  of  the  epithelial  part  of  the  mucous 
membrane.  At  least  two  sorts  of  cells  are  present  in  each 
taste  bud :  (a)  the  supporting  cells  consisting  of  an  outer  layer 
with  nuclei  centrally  placed,  and  an  inner  layer  of  very  delicate 
cells  with  nuclei  situated  at  the  base  ;  (b)  the  sensory  cells,  the 
so-called  n euro-epithelial  cells  of  the  taste  buds — delicate  long- 
drawn-out  cells  which  stain  well  by  Golgi's  method,  and  which 
send  a  hairliko  process  through  the  pore  at  the  apex  of  the 
taste  bud  to  the  surface  of  the  mucous  membrane.  It  is  proba- 
ble that  the  flat  cells  at  the  base  of  the  taste  bud  correspond 
to  a  special  form  of  supporting  cell  (Fig.  347).  The  nerve 
fibres,  as  von  Lcnhossek  f  and  Retzius  ^  have  shown,  end  free  in 

•  Dissc,  J.  I'cher  Epilhclknosptn  in  der  Regio  oltBetoria  der  Siuger. 
Xaclir.  V.  d.  k.  Gesellseh.  d.  Wisscnsch..  ttHtting.  (18B4).  S.  66-71. 

t  von  Lenliosst'k,  M.  IHr  fcinere  Bau  und  die  Nervenendignngvn  der 
Gesthniacksknnsp*!).     Aiiat.  Aut..  Jena,  IW.  viii  (l693-'03).  S.  181-187. 

i  ItctiiiuR.  0.  Dio  NVrvL'ncnili^iiii.i'n  in  dem  Geschmacluorgaa  der 
^u)!L-1ipre  und  Aniphibiuii.  Biul.  Untvraucb.,  Stockholm,  n.  P.,  Bd.  iT 
(1803).  S.  10-32. 
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Among  the  cells  of  the  taste  bud.  The  old  idea  that  the  nenro- 
epithelial  cella  gave  off  axis-cylinder  pro<:esses  which  ran  to  the 
Derre  centres  has  been  definitely  dispruvod. 

It  is  to  be  remembered  that  the  muuouB  membrane  of  the 
tongue  is  supplied  in  general  with  nerve  endings  mediating  the 
sensations  of  touch,  pain,  and  temperatnre  just  as  is  ordinary 
skin.  In  addition  it  receives  the  nerve  fibres  which  puss  directly 
U)  the  taste  buds.  The  ner^e  fibres  approaching  the  taste  buds 
and  becoming  connected  with  them  (intragemmal  fibres  of  von 
Lenhoss^k)  are  distinguishable  from  the  branches  which  termi- 
nate among  the  ordinary  epithelial  cells  of  the  mucous  mem- 
brane between  the  taste  buds  (intergemmal  fibres).  From  two 
to  live  fibres  approach  the  base  of  each  taste  bud,  each  of  which 
on  entering  the  bud  breaks  up  into  a  fine  end-arborization,  the 


Fio.  US.— TW*:  buds  (cnlymli  euHtutorii )  uiid  iicriphpcBl  pitit'mitiCH  r>r  [k^ 
riphemi  mxasK»  iiT  pi'ri|>hcnil  eiiKtatury  iicuniiii'ii.  iin-iHn'd  liv  (inliti'K 
method  from  the  papilla  fiiUnbi  iif  the  mtihit.  {.^ftiT  M.  \iai  1.1'iihiHii'k. 
Aut.  Ade.,  Ji-na,  Nil.  viii.  IHRS.  ».  133.  tlfi.  I.  >  a.  impri'Kniili'il  limti'  (vIIh 
■nd  s  angle  supiiurtlnK  n-U  ;  Iwlow  the  tiuiti-  hiii)  n  Huhm-iiiniiil  ii-l1  Ih  in- 
dinted  1  t,  the  brfriiiniiiKH  "f  the  ihtvc  lliirilii  iipoii  >nd  Ih-iwiimi  ItH'  tuKt« 


individual  fibres  forming  a  complicated  plexux  about  the  con- 
stituent cells  of  the  organ,  though  witliout  entering  into  any 
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relation  other  tlian  that  of  contact  with  any  cell  and  apparently 
without  the  formation  of  anastomoBes  among  the  indiTiduol 
fibrils.  It  ie  stated  that  the  intergemmal  fibres  arise  from  spe. 
cial  nerve  fibres  and  never  from  fibres  which  give  off  the  intru- 
gemmal  nerve  filaments,  a  statement  of  very  great  ]>hj8iological 
importance  if  confirmed  (Fig.  3-18), 


Fio.  349.— .Si'hpmntic  repttwentation  of  the  pcriphmil  and  ccntnl  conductiin 

CthH  ['imiiei't^  with  lh<'  onroncm  gutlua.  {.Ad^rW.  tod  Bivhtrn-w.  Die 
ituogKhuhiivii  im  Gi'Iiiru  uiid  UtivkciimBrk ;  IX-ulwh  tod  K.  WeiobcTg. 
Zwi-iteAafl.,  L(-ipx.,  1H99,  S.  184,  Fig.  ]54.)  s:  Elan<luU  submaxilUris ;  ■■/, 
ncrvuH  liiigualis ;  pe.  inpillw  vallatv ;  I',  nemu  trigtmlnua;  I'll,  iicrvus 
intcmDHliun  (■(  facialis;  f.Y,  ncrvuB  ic'ossopharyufieus  ;  I',,  IJ.  ophthftlmiciu; 
I'm,  N.  niaxilUris :  !'„,.  N.  mandibalarin ;  pa.  peg  anseiiDiu;  lu,  N.  auricu- 
laria  ;  fill,  furamen  stjlonuuitoiileuiD  ;  cAf,  choi^a  Cynipani :  hpi,  N.  petru«t» 
sap<-rl1vialis  maj'ir ;  fitp,  ftanKlion  sphcno-palatinum ;  gV,  sanglion  aenii- 
lunate  Humeri  ;  r.ral.  torims  calloBuio  ;  fg,  conduction  path  for  bute  Co  the 
cerebral  eurtoi ;  lijn,  corpora  quadrigvinina ;  n/.  nucleuB  Icntirannis ;  Ih. 
tLalamus. 

Concerning  the  existence  of  several  types  of  taste  bnds  of 
specific  structure  corresponding  to  specific  taste  qualitiee,  ire 
have  as  yet  no  data,  nor  are  we  informed  at  all  concemiDg  any 
special  nuclei  of  termination  of  the  taste  fibres  in  the  medulla 
and  pons  separate  from  the  other  nerve  fibres  of  the  three  seo- 
sory  nerves  involved. 
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A  general  scheme  of  the  t&stc  conduction  paths  has  been 
prepared  bj  W.  r.  Bechterew.     It  is  reproduced  in  Fig.  3id. 

S.  Pnipkwal  OUhatKj  Hannmw. 
The'  olfactory  neurones  of  the  first  order  extend  from  the 
mucous  membrane  of  the  nose  to  the  olfactory  bulb.  The  cell 
bodies  of  these  neurones  are,  remarkable  to  state,  situated 
actually  in  the  mucous  membrane  of  the  nose  itself,  thus  dif- 
fering from  all  other  peripheral  sensory  neurones  (in  human 
beings).*    It  had  long  been  known  that  in  the  olfactory  region 


Flo.  3S0.— Bchcme  of  the  conrae  followed  by  iiorve  im|iul)ie)i  ia  tlie  nlliu-tiiry 

Kparatnn  of  mammala.  ( After  S.  Rutn'iu  y  <VJal.  Ij-x  nuuvcllei  idjis.  cti'., 
Kiul.  bv  Azuolay.  Pxriii,  1S94,  p.  106,  Fiff,  20.)  A.  olfncliirr  iiiul-ouh  lueni- 
bnne;  B,  iilbrtury  gliimpnilux  in  bulhug  oKki'tuTiiui ;  ('.  niitial  r<41 :  A 
tnctuR  olfkcbiriUH ;  K,  offtxtnTj  "  gnaaUti"  ;  F,  mljai'tnt  pyiuuiidiil  cells: 
6,  TCKionof  ■truolbcbirialatcraliM;  j,  cciHiiU'diIh  of  the  niinim  of  thi:  mitnil 
cvlUin  the  olfoctory  bulb;  //.  voUaU-ral!' of  thiw  ntmc  uxoiios  in  the  traitus 
olfiwtorlua ;  L,  («iitrifugal  fibre  temilnatiiig  in  tbe  liiilhus  cilfoetiiriUH :  M. 
Oolftl  crll  of  Type  II  or  deadrHiuiie.  The  arruWH  Hhow  tlie  direction  of  the 
impulBM. 

of  the  naaal  mucous  membrane  cells  of  two  kinds  e.xist — support- 
ing cells  and  sensory  epithelial  cells,  the  latter  being  delicate 
narrow  cells  provided  with  hairlike  processes  which  project 
slightly  upon  the  mncons  surface.     Max  Schultze,t  in  1802, dis- 

*  It  will  thuR  be  Been  thai  in  the  nasal  mucous  membrane  of  human  be- 
inp  we  meet  wiih  a  wneory  apparatus  mr)rpho)<)gieHllj  very  sirnilar  to  that 
which  has  been  describeil  in  tbe  epitiielial  surface  of  Ihe  fish  worm. 

t  SchultEe,M.  UeberdieRnrligungsweisederOenichsiU'rvonmidder  Epi- 
Uielialgebilde  der  Naaenschleimhaiit.  Ber.  d.  K.  Piriiss.  Akad.  d.  Wissenseh. 
ID  Berlin  (1666).  S.  604-514.^1' n I ersuchungeii  ueber  den  Itau  der  Nasen- 
Khleimhsat,  nameDtlicb  die  Struct  urund  Kndj^ungswciiie  der  Geruchsncrven 
beim  Heoiohen  nnd  den  Wirtietticren.  Abhandl.  d.  NaturT.  Gcscllscli.  zu 
Halle,  Bd.  vii  <1882).— Das  Epitlieliuin  der  Kiechsehlfinihaut  dt-s  Mensciien. 
CuitmlbL  L  d.  med.  Wineniwh.,  Berl.,  Bd.  ii  (1804).  S.  386-390. 
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covered  that  from  the  proximal  end  of  each  olfactory  cell  an 
olfactory  nerve  fibre  took  its  origin.  The  use  of  the  methylene- 
blue  method  by  Ehrlich  *  and  Arnsteln  f  and  of  Golgi's  method 
by  Ramon  y  Ciijal  I  and  van  Gehuchten  "  has  proved  beyond 


u  tcnuinat  branrhis 


•  Ehrlith,  P.     Op.  cil. 

t  Amstein.  Die  MethrlenblaufltrbuDK  "'<  bistolo^sche  Methode.  Anat. 
Am.,  Jpna,  Bd.  ii  (1687).  S.  1S5-1S5. 

%  Rami!>n  j  Cajal,  S.  Origen  t  lerminaciun  da  las  flbrai  nerriosas  olts- 
torias.    Gac.  s«n.  lie  Baroel.  (1890). 

'van  (ieliuchtcii.  A.  ContributioD  k  I'^tude  ile  la  muqaeuM  olIactiv» 
vbez  les  maroroift'res.    Cellule,  I'ierre  et  Louvain  (1891). 
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doubt  that  the  olfactory  nerve  fibres  really  represent  the  uioncs 
of  the  cell  bodies  situated  in  the  nasal  mncoua  membrane.  The 
short  hairlike  processes  of  these  cells  represent  the  dendrites 
(Fig.  350). 

The  nerve  fibres  which  end  free  in  the  mucous  membrane  of 
the  nose  independent  of  olfactory  epithelial  cells  probably  be- 
long to  the  nervus  trigeminus,  and  have  nothing  directly  to  do 
with  the  carrying  of  olfactory  impulses. 


Fto.  SSE.^Area  of  nual  murouR 


The  axones  of  the  olfactory  neurones  are  iion-medullated. 
They  pasa  through  the  cribriform  plate  of  the  ethmoid  bone  in 
bandies  (Nn.  olfactorii)  to  the  olfactory  bulb  which  they  enter.* 
Here  they  terminate,  as  Golgi  first  proved,  by  free  end-arlK»riza- 
tioDB  in  the  so-called  olfactory  glomeruli,  coming  into  manifold 
contact  inside  them  with  the  large  dendrites  of  the  mitral  cells 


*  For  intoreating  data  concirmiiig  sec'iirHte  n. 
of  th«  balbus  «nd  tractus  olfactorius,  (he  render  is  rcferml  to  tlie  anii-le  by 
II.  II.  DonaldKin  and  T.  L.  Bolton.  The  Size  of  Several  Crunial  Xervfs  in 
Han  aa  Indicated  bj  the  Ari'ii?  at  tlicir  Cross  SecticiDb.  Am.  J.  Psychol.. 
Woiwrter,  vol.  i»  (1B01-1>2),  pp.  224-229. 
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of  the  olfactory  bulb  which  are  ultimately  distributed  in  these 
structures.  The  mitral  cells  and  brush  cells  of  the  olfactory 
bulb  represent  olfactory  neurones  of  the  second  order  and  will 
be  described  subsequently.  The  endings  of  the  Nn.  olfactorii 
are  well  shown  in  Fig.  351.  The  dendrites  of  the  mitral  cells 
are  not  impregnated.  The  exact  area  of  nasal  mucous  mem- 
brane concerned  in  the  sense  of  smell  is  much  smaller  than 
many  have  believed.  Thus,  the  studies  of  the  late  von  Brunn  * 
have  shown  that  the  olfactory  region  is  limited  to  a  relatively 
small  part  of  the  superior  turbinated  bone  and  the  adjacent 
region  of  the  nasal  septum.  The  area  in  each  nostril  situated 
at  the  very  top  probably  does  not  exceed  in  extent  more  than 
two  and  a  half  square  centimetres.  Von  Brunn  in  the  course 
of  his  careful  measurements  found  in  one  case  that  the  olfac- 
tory epithelium  extended  in  the  right  nasal  cavity  over  a  sur- 
face of  257  square  millimetres.  In  a  second  case  the  distribu- 
tion amounted  to  238  millimetres  (Fig.  352). 

*  von  Brunn,  A.  BeitrSge  zur  raikroskopischen  Anatomie  der  mensch- 
lichen  Nasenh5hle.  Arch.  f.  niikr.  Anat.,  Bonn,  Bd.  xxxix  (1892),  S.  632- 
651. 


8.  Peripheral  Yijnal  Nenronei. 
CHAPTER  XXXVII. 

THE   PERIPHERAL  VISUAL    NEURONES   AND  THE    STRUCTURE   OF 

THE   RETINA. 

Older  studies  of  the  retina — Its  lamellation — Studies  of  Tartuferi,  Ram6n  y 
Cajal,  and  Dogiel — Golgi  preparations — The  rod  cells  and  cone  cells — 
The  bipolar  cells — The  ganglion  cells  and  optic  nerve  fibres — Superiin- 
position  and  interrelations  of  the  retinal  elements— MQller's  fibres — 
The  amacrine  cells — The  horizontal  cells — (Comparison  of  the  peripheral 
visual  neurones  with  other  i>oripheral  centripetal  neurones — Von  Leii- 
hossek's  study  of  the  cephalopod  eye — Reduction  of  elements  in  the 
visual  conduction  path. 

Visual  Neurones, — The  peripheral  sensory  neurones  con- 
cerned in  the  sense  of  sight  are  situated  in  the  retina.  The 
older  ideas  of  the  structure  of  the  retina  which  most  of  us  were 
taught  in  the  medical  schools  were  extremely  complex,  and  the 
memorization  of  the  exact  position  and  appearance  of  the  vari- 
ous layers  of  this  membrane  was  by  no  means  easy,  since  the 
intraretinal  relations  and  connections  of  the  elements  were  en- 
tirely obscure. 

It  will  be  recalled  that  externally  next  to  (1)  the  layer  of 
hexagonal  pigment  cells  were  situated  (2)  the  layer  of  rods  and 
cones.  Then  followed,  passing  inward,  (3)  the  outer  nuclear 
layer ;  (4)  the  outer  molecular  layer ;  (5)  the  inner  nuclear 
layer;  (6)  the  inner  molecular  layer;  (7)  the  layer  of  nerve 
cells,  and,  lastly,  (8)  on  the  inner  surface  of  the  retina,  the  layer 
of  nerve  fibres.  These  various  layers  were  easy  to  make  out  in 
preparations  stained  with  ordinary  nuclear  dyes  (Fig.  353),  but 
as  to  what  the  individual  lavers  meant,  and  to  exactlv  what  cells 
the  various  nuclei  and  processes  belonged,  there  was  much  dis- 
agreement. 

Instead  of  this  unintelligible  classification  based  simply  upon 

staining  appearances  and  without  any  rational  inti*rpretation  as 

regards  the  internal  connection  of  the  elements,  the  newer  studies 
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of  Tartuferi,*  Ham6n  y  Cajal,t  Dogiel,J  and  others  have  taught 
us  what  these  various  layers  mean.  If  one  will  compare  Fig.  353 
with  the  silver-picture  of  the  retina  (Fig.  354),  the  enormous 
simplification  which  has  resulted  from  the  application  of  Golgi's 
method  to  the  study  of  this  membrane  will  be  immediately  ap- 
parent. The  silver  chromate  method  shows  that  in  the  retina, 
in  addition  to  certain  more  complex  relations  which  exist,  three 
very  distinct  sets  of  cells  are  superimposed :  (1)  The  cells  to 
which  the  rods  and  cones  belong  ;  (2)  the  bipolar  cells  ;  (3)  the 
ganglion  cells  of  the  retina.*  Comparing  the  old  classification 
with  the  present  simple  scheme,  it  will  be  seen  that  the  outer 

*  Tartuferi,  F.  SulF  anatomia  della  retina.  Arch,  per  le  sc.  med.,  Torino, 
vol.  xi  (1887),  pp.  335-358 ;  and  in  the  Internat.  Monatschr.  f.  Anat.  u.  Phy- 
siol.. Leipz.,  Bd.  iv  (1887),  S.  421-441. — Sulla  istologia  della  retina.  Ann.  di 
otUl.,  Pavia,  vol.  xvi  (1887-88),  pp.  474-476. 

f  Ram6n  y  Cajal,  S.  Estruetura  de  la  retina  de  las  aves.  Rev.  trimest. 
histol.  norm.,  etc.,  Madrid,  Nos.  1  y  2,  Mayo,  1888. — Sur  la  morphologic  et  les 
connexions  des  elements  de  la  retine  des  oiseaux.  Anat.  Anz.,  Jena,  Bd.  iv 
(1889),  S.  111-121. — Pequeiias  contribuciones  al  conocimiento  del  sistcma 
nervioso.  III.  La  retina  de  los  batracios  y  reptiles,  Agosto  (1891). — Notas 
preventivas  sobre  la  retina  y  gran  simpatico  de  los  mamiferos.  Barcelona 
Die,  1891. — La  retina  de  los  Telostcos  y  alcunas  observaciones  sobre  la  de  los 
vertebrados  superiores,  Madrid,  1892. — £1  nuevo  conceptode  la  histologiade 
los  centros  nerviosos.  Rev.  de  cien.  m^.  de  Barcel.,  vol.  xviii  (1892),  pp. 
361-376;  457-476,  etc. — La  retine  des  vert^bres.  Cellule,  Lierre  et  Louvain, 
t.  ix  (1894),  pp.  121-246. — Neue  Darstellung  vom  histologischen  Bau  des 
Centralnervensystems.  Arch,  f .  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1893), 
S.  319-428. — Die  Retina  der  Wirbelthiere.  Untersuchungen  mit  der  Golgi- 
Cajarschen  Chromsilbermethodo  und  der  Ehrlich'schen  Methylenblaufftrb- 
ung.  In  Verbindung  mit  dcm  Verfasser  zusammengestellt,  uebersetzt,  und 
mit  fiinleitung  versehen  von  R.  Greef,  Wiesbaden  (1894). 

t  Dogiel,  A.  S.  Ueber  das  Verhalten  der  ncrvSsen  Elemente  in  der  Re- 
tina der  Ganoiden,  Reptilien,  VOgel,  und  SHugethiere.  Anat  Anz.,  Jena. 
Bd.  iii  (1888),  S.  133-143.— CFeber  die  nervOsen  Elemente  in  der  Netzhaut  der 
Amphibien  und  Vogel.  Ibid.,  Bd.  iii  (1888),  S.  342-347.— Ueber  die  nerv5sen 
Elemente  in  der  Retina  des  Menschen.  Arch.  f.  mikr.  Anat,  Bonn,  Bd. 
xxxviii,  S.  317-344.— Ueber  die  nerv5sen  Elemente  in  der  Retina  des 
Menschen.  Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  xl  (1892),  S.  29-38. — Zur  Frage 
ueber  den  Bau  der  Nervenzellen  und  ueber  das  Verhftltniss  ihres  Achsencyl- 
inder-(Nerven)-Fortsatzes  zu  den  Protoplasmafortsfttzen  (Dendriten).  Arch, 
f.  mikr.  Anat,  Bonn,  Bd.  xli  (1893),  S.  62-^7.— Neuroglia  der  Retina  des 
Menschen.  Arch.  f.  mikr.  Anat,  Bonn,  Bd.  xli  (1893),  S.  61^-^638.— Zur  Frage 
ueber  das  Verhalten  der  Nervenzellen  zu  einander.  Arch.  f.  Anat.  u.  Phy- 
siol., Anat.  Abth.,  Leipz.  (1893),  S.  429-484. 

*  For  one  ganglion  cell  there  are  about  one  hundred  rod  and  oone  cells. 
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naclear  layer  cruresponda  to  the  nuclei  of  thu  cells  whose  distjtl 
s  tepreseut  the  rods  and  cones,  while  tho  inner  nuclear 


Fio. aits.— TiHiU'Vvnit'im-tiiiii  thTniixh  tliv  ntina  <if  iiihii.  (S('li<'inHti<'.  nrtir  M. 
ArhuItiEe.  u  mudifltil  b;  O.  SrbWulhi',  Iji-lirliurh  iIit  Anati>iiii<r  dcr  Kiimi-wiT- 
gtnv,  EriHnfwn,  1H8II.  S.  W,  PiK-  411. )  ;.  iii«nii>  liiuitunH  hilcmiiii ;  i,  luyiT 
nf  Dcrve  Sbres;  .1.  bij'cr  i>[  f{un|c1i(iii  isrUn;  i,  iliti-niRl  n'lli'ular  Uvit:  -'i, 
iattrnal  gnnular  Uyi-r:  <i.  iiponKioHtaiitii;  (.  n>llii  of  tlit-  iainKli>i<t  rclliw:  r, 
nurlpi  nf  Huller's  mdial  filircH;  1!,  I'ltrmil  n-tiitilnr  luytr ;  T-li,  luyiTof  viiuiul 
celbi;  7,  their  nuclei  (citi-niul  KraniilHT  InycTi :  x,  nii-nilimnn  lliiiibiiiii  vx- 
ItMiu:  S.  nida  anil  (uiiivi  it,  Kimi'iif  thi'  I'Xlrriiiil  RHiiiubir  liiytT  fnt'  fniiii 
DUclei  (U<^nle'ipitcnuil  flhrp  luyrr) :  e,  iiuii-r  liiiiliK  i>f  nils;  /.  iHili-r  UmlH 
(rf  rods;   10,  pignielit  riiitlii'liiiiii :  r,  hiiIkc  »1'  MuIIit'ii  HIiti-h;  r,  MuUcr'n 


layer  corresponds  to  the  nuclei  of  the  biiHilar  cells.  The  outer 
molecultir  layer  rcpreaentH  tho  region  of  contact  or  concresccnco 
relation  between  the  proximal  procosucs  of  the  rod  and  cone 
cells  and  the  distal  processes  of  the  l)i))i)liir  cells,  while  the  in- 
ner moleoolar  layer  corrogponda  to  the  region  in  which  the  ter- 
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minals  of  the  proiimat  processes  of  the  bipolar  cells  enter  into 
contact  or  conereacence  relation  with  the  dendrites  of  the 
ganglion  cells  of  the  so-called  "  layer  of  nerve  cells."  The  layer 
of  nerye  fibres  represents  the  axones  arising  from  the  cell  bodies 


FlO.  3M.— Hthi-mi'i.fthiBtructurmrf  the  retina.  {Aftir  S.  RnmAn  7  Huul,  Die 
Retina  der  Wirbilthivre,  Ucbpnctz.  t.  OtwIT,  Wii^ali..  tRM.  H.  }?.  Fin.  !.  I 
A,  layer  ul  nidaaiiil  ronui;  B.  biidieH  of  vIiiubI  cellB  (ritrmal  oucliar  layi'Ti : 
C,  eitcniul  plvxifiimi  layer  :  E.  l^^r  of  bipolam-lU  (internal  nuclvar layer) : 
F.  Inlvnial  pk-iiform  layer  -,  <},  iayt'r  iif  ganElion  cells ;  //.  layer  of  nerve 
filiTCfli  a.  nidit;  A.  roneB;  r,  bipolar  (rod)  cella;  /.  bipijlar  (I'linel  eells:  r. 
lower  limnelilnK  uTbipi'lar  (ridi  ci'IIh;  r,,  lower  bmiirhinK  of  bipolar  (cune) 
ecllfl  ;  g.  h,  i.  t.  fiangliun  cells  blanching  in  different  Uyeni  of  the  lnt/>nial 
plcilfunn  zone  :  f .  enntact  hetw<>en  tht  rodn  and  tlie  bipoUr  (rod)  rellx:  >. 
contact  ht'twivn  the  ronea  and  the  bipolar  ( rune )  celU ;  (,  HBIIer'scellB;  i. 
centrifugal  niTVe  fibre. 

in  the  "  layer  of  nerve  cells."  These  axones  pass  over  the  inner 
surface  of  the  retina  to  reach  the  blind  spot  of  the  eye  where 
they  penetrate  through  the  whole  retina  and  make  np  the  con- 
stituent fibres  of  the  optic  nerve.  The  nerve  fibres  of  the  optic 
nerve  undergo  partial  decussation  with  those  of  the  opposite 
side  in  the  optic  chiasm,  and  pass  through  the  optic  tracts  to 
terminate  in  the  corpora  quadrigemin a,  lateral  geniculate  bodieB» 
and  pulrinnr  of  the  two  sides  (Fig.  355), 

These  three  s*.>ts  of  elements — the  rod  and  cone  cells,  the 
bipolar  cells,  and  the  ganglion  cells — represent  the  principal 
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morphological  constituents  of  the  retina.  There  are,  however^ 
certain  other  elements  present  in  this  membrane  which  must 
be  mentioned,  though  their  relations  to  the  principal  elements^ 
while  they  have  been  carefully  studied,  are  not  yet  satisfactorily 
understood.  These  are  (1)  the  so-called  Miiller's  fibres  (spongio- 
blasts of  His),  which  correspond  to  the  ependymal  framework 
of  the  spinal  cord  and  brain ;  (2)  the  so-called  amacrine  *  cells 
of  Ramdn  y  Cajal  (also  sometimes  called  spongioblasts),  which 
occur  in  the  inner  molecular  layer,  and  which  appear  to  be 


6ZM. 


ii.if«cycv{» 


T«iT.Mt  fi^m 


Fio.  86B.— €k:heme  of  viKual  conduction  path.    LcttcrinK  same  as  for  Plate  II, 

Flit.  1. 

anaxones ;  and  (3)  the  horizontal  cells,  outer  and  inner,  of  the 
outer  molecular  layer. 


*  m  privative,  /uurpot  long,  and  i¥os  fibre. 
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1.  356.— Epithclinl  ccll't  (MuIIct's  flbim)  of  thp  ri'tina.  (Aftrr  S.  Rhdkoi  v 
(Jual,  lA'  Kiting  iliT  \S'irl>>'Uliii'n-.  I'.-himrti.  t.  »n«ir.  WicHh..  ISM,  Thi, 
vi.  FiKN.  I  amis.)  .t.  JIulltr'ii  lihr»  rrom  thp  tvtiiia  uf  tht  froK:  <i.  <'xUt. 
nal  mirliMr  layiT:  A.  ^-xliTiial  plviirimii  layer:  c.  intt^niat  nuciivT  liiyi-r: 

rf.  liiviT  or  s|iiui){i"''litits  :  f,  internal   plriirunn  Uy*r ; /.  layi-r  of "  - 

cvlln ;  o.  Imwl   layer  ur  tncniliraiia  liniitaiw  ir "  —       "    """  -' 
t-|iitlii'lia1  itlls  frum  the  rvtina  r>f  Cfitriniu  isr 


L  Miillcr 


.  flbn-d  ur 


rprtwl  (lilt  liatbc  liin 
F|iniiil  iiiit  flat :  A.  ilj 
f"r  (lir  moft  |mrt  din 
i.  i-i'tilriniml  tthnii: 
iialvii;  H.  sail k) ion  rt 
r..r  thi!  ni  • 


>.  wrtf  Hbre  uf  the 


if  an  adult  doft.  '  After  S.  Ranu'm  y 
littiiorc,  uNtw-ti.  V.  (Iniff.  Wiiiib.,  1894.  Taf.  v. 

1,  granule  and  fihn-  of  a  riid  ;  r,  hipular  cell  wiih 
l»nt:inR  to  Ihe  rods:  r,  liipfllar  i-vH  with  pni)<lini>li 
e  to  thp  L'onen ;  /,  (tinnt  bipi.lar  cell  with  end-bruHli 
e  nmamne  rcll.  the  varieiwe  hmni'hes  of  which  lii- 
V  upon  the  Kaiifllinn  cclln ;  i.  awmdinfE  ncne  fihr»* ; 
nd  ';'.  siH'cial  ccIIh  whirli  arc  very  rervly  iinpn-K- 

hieii  rpci'ivcN  the  end-1>rush  of  a  bipolar  e<-l1  dr<ini  •! 
il<n-  which  heconicH  liHt  in  the  internal  pluiifonii 


iu-flbre  layer. 
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Tbe  abape  of  Muller'g  fibres  is  shown  in  the  accompanying 
figure  (Fig.  35(1).  It  is  not  improbable  that  they  represent  sup- 
porting cells. 

The  anaxonea  (amacrino  cells)  represent,  in  all  probability, 
Riechaoisms  for  correlating  the  activitiea  of  the  different  neu- 
ronea  (bipolar  cella  and  ganglion  cells)  with  which  they  come 
into  relation  in  the  inner  molccalar  layer.     Since  it  is  exactly 


— Tfervc  cellH  of  thi>  retina  <if  thr  ox.  ntnincd  with  nii'tliylcn 


bdtlilCTe,  Ilebetwlx.  t.  Oiwlf.  Wiifli.,  I«M,  'ntf.  vii.  Fig.  H.)  Thin  Akuiv 
■howi  the  eztenul  or  Rinitll  hiiriamtiil  i'I'IIh.  a.  rell  Imil.r  niiltalliiiiK  vt'Tf 
intmiK  Mar  ipotii:  i,  very  iliii'  Hni1  iiiui'li-hntnclie^l  ilrntlribw;  e.  ukdiich 
without  visible  e^latentlf:  if.  siiiKlrii^iiKi-yliiiilpniwMrli  often  iiimirh  Hnd 
which  pR>babl7  Biiae  from  the  liirKo  iir  iiitiTiiiil  iiiiriz4>iitul  ci'lix. 


in  their  neighborhood  in  the  retina  that  the  few  centrifugal 
fibrea  of  the  optic  nerve  terminate,  it  in  not  inipoasible  that  the 
influence  exerted  by  the  cerebral  centres  upon  the  retinal  uctivi- 
tieg  is  mediated  by  theae  cella  (Fig.  357). 
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The  horizontal  cells  of  the  outer  molecular  layer  can  be 
divided  into  two  groups — an  external  group  {cellule  auperficiaU 
di  grandezza  media  of  Tartuferi)  and  an  internal  set  (large 
superficial  celts  of  Tartuferi,  large  and  small  stellate  cells  of 
Dogiel). 

The  external  horizontal  cells  are  very  nameroua,  and  have 
long  diverging  dendrites,  which  spread  out  to  form  a  thick 
plexus  (Fig.  358).  Their  aiones  are  extremely  delicate  and 
difficult  to  find,  but  are  described  by  Ramon  y  Cajal  as  coming 
off  usually  from  a  dendrite.  The  axones  and  collaterals  are 
distributed  in  the  superficial  portion  of  the  outer  molecular 
layer. 

The  inner  horizontal  cells  (Fig.  359)  are  of  two  sorts:  (u) 
Those  with  descending  dendrites,  and  (b)  those  without  de- 


1  throush   the  retina  of  the  oi.    (AfWr  S. 

__.  „  .mdcrWirhc1thioi«.  UehiTsi-t;!.  v.nreeff.  Winb..  ISM. 

vi.  FiK.  12.)     a,  inti-nial  hurlznntal  cell    with   drucendinu  pmctw ;  h. 

another  cell  of  the  BHmc  turt  nithout  deecendinit  proccBs;  e,  mitnl-Mhapcd 
■maerine  cell  with  two  hranches  which  go  in  oiipoMte  dinictiona:  d,  larKC 
amAerine  i-ell  for  the  fniirth  nub-layer  ;  r^  Bmsll  ganftlion  cell  which  bmncbra 
in  the  Bci'imd  nuti-layiT  :  /,  o,  *,  ij.  rliflerrrt  types  of  nenroglia  cells;  k,  in- 
terstitiul  umaerine  cell  whicfi  hnincbea  chiefly  in  two  sub-layels. 

Bcending  dendrites.  The  axones  of  the  cells  with  descending 
dendrites  are  very  thick  and  long  and  devoid  of  collaterals. 
According  to  Dogiel,  these  axones  descend  in  order  to  enter  the 
layer  of  optic  nerve  fibres,  a  view  denied  by  Ram6n  y  Cajal, 
who  finds  that  they  are  distributed  to  the  external  molecular 
layer  itself.  The  axones  of  the  inner  horizontal  cells  without 
descending  dendrites  are  also  thick  and  run  horizontally  for  a 
considerable  distance.  It  seems  probable  that  the  function  of 
the  horizontal  cells  of  both  sets  (outer  and  inner)  is  to  bring 
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into  relation  definite  groups  of  rods  with  otlier  definite  groups 
lying  at  a  distance. 

The  question  at  once  arises,  Which  of  the  elements  mentioned 
are  to  be  looked  upon  as  the  peripheral  visual  neurones  analo- 
gous to  the  peripheral  spinal  centripetal  neurones  and  to  the 
peripheral  olfactory  neurones?  This  question  is  not  so  easily 
decided,  and  is  made  more  complicated  by  the  fact  that  the 
whole  retina  arises  embryologically  {vide  Section  IV)  from  the 
central  nerve  tube,  and  not  from  a  separate  basis,  as  do  the 
spinal  and  cerebral  ganglia.  I  prefer,  though  this  opinion  may 
not  be  shared  by  all,  to  look  upon  the  bipolar  cells  of  the  retina 
as  the  analogues  of  the  spinal  ganglion  cells ;  their  distal  pro- 
cesses are  then  comparable  to  the  afferent  fibres  in  the  periph- 
eral spinal  nerves,  and  their  proximal  processes  to  the  axones  of 
the  fibres  of  the  dorsal  roots.  The  rods  and  cones  would  then 
correspond  to  differentiated  epithelial  ependymal  cells*  with 
which  the  peripheral  processes  of  the  bipolar  cells  come  in  con- 
tact, just  as  the  so-called  neuro-epithelial  cells  of  the  taste  buds 
in  the  tongue  stand  in  contact  relation  to  the  peripheral  fibres 
of  the  glossopharyngeal  and  other  cerebral  nerves,  or  as  the 
TastzeUen  of  Merkel  are  related  to  the  peripheral  processes  of 
spinal-ganglion  cells.  The  axones  of  the  bipolar  cells  would 
find  their  "nuclei  of  termination  "  in  the  outer  molecular  layer 
and  in  the  ganglion  cell  layer  of  the  retina ;  the  latter  would  be 
analogous  then  to  the  gray  matter  of  the  spinal  cord  and  me- 
dulla (of  the  general  spinal  sensory  paths),  to  the  nucleus  alae 
cinerese  and  nucleus  tractus  solitarii  (of  the  gustatory  con- 
duction path),  and  to  the  olfactory  bulb  (of  the  olfactory  sen- 
sory conduction  path).  This  would  make  the  ganglion  cell 
layer  of  the  retina,  the  optic  nerves,  and  the  optic  tracts  parts 
of  the  central  nervous  system.  The  optic  nerve  is  then,  in  a 
sense,  not  a  peripheral  nerve.  Inasmuch,  therefore,  as  we  are 
here  considering  only  the  sensory  neurones  of  the  first  order, 
the  optic  nerve  and  its  course  and  termination  will  be  described 
when  the  sensory  neurones  of  higher  orders  are  considered. 
It  is  only  fair  in  conclusion  to  state  that  the  recent  studies  of 


*  This  view  is  all  the  more  enticing  in  that  recent  studies  tend  to  show 
that  the  outer  limbs  of  the  rotls  an«l  cones  represent  stnietures  formed  of 
the  cilia  of  the  ependymal  cells  coiled  up  and  glued  together.  Cf.  Krause, 
W.  Uebersicht  dcr  Kenntnis^  voni  Huu  der  Hetina  ini  Jahre  1805. 
Schmidt*8  Jahrb.,  Leipz.,  Bd.  ccxlix  (1806),  S.  06;  201. 
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M.  von  Lenhossek  *  make  it  extremely  probable  that  the  rod 
and  cone  cells  in  some  animals  are  really  true  peripheral  visual 
neurones  (Fig.  300).  If  this  bo  true,  then  the  bipolar  cells  of 
the  retina  must  in  such  animals  be  regarded  as  visual  sensory 
neurones  of  the  second  order.  There  is  no  objection,  so  far  as 
I  know,  to  considering  the  rod  cells  and  cone  cells  of  the  retina 
of  human  beings  as  actual  Jieurones,  Xo  analogous  cell  is,  how- 
ever, existent  in  the  olfactory  mucous  membrane. 

In  mammals  two  kinds  of  bipolar  cells  {arldtrarily  speaking^ 
optic  neurones  of  the  first  order)  occur :  (1)  bipolar  cells  for  the 
rods,  with  vertical  end-tufts,  which  enter  into  conduction  rela- 
tion with  the  terminal  spherules  of  the  rod  cells,  and  (2)  bipolar 
cells  for  the  cones,  the  dendrites  of  which  form  end-tufts,  which 
lie  in  a  deeper  plane  than  those  for  the  rods ;  these  end-tufts 
enter  into  conduction  relation  with  the  terminal  bulgings  and 
fibrillae  of  the  cone  cells.  The  bipolar  cells  nearly  always  come 
into  conduction  relation  with  several  of  the  rod  cells,  or  of  the 
cone  cells.  The  number,  however,  varies;  while  one  bipolar 
cell  may  stand  in  relation  to  only  a  few,  another  may  be  in  a 
position  to  receive  impulses  from  a  great  many.  In  the  fovea 
centralis,  where  the  numbqr  of  cone  cells  is  enormous,  the  indi- 
vidual cones  are  very  delicate,  and  the  basal  swelling  of  each 
cone  comes  into  contact  exclusively  with  the  dendritic  tuft  of 
a  single  bipolar  cell. 

•  von  Lenhot$8^k,  M.     Ilistologischc  Untersuchungen  aus  Sehlappen  der 
Cephalopoden.     Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  xlvii  (1890).  S.  45-120. 

Fig.  300.— Schematic  representation  of  the  stnictun'  of  the  retina  and  viHual 
lohe  of  Eledonc.  (After  M.  von  I><'nhos8<rk.  Arch.  f.  inikr.  Anat.,  Bonn,  Bd. 
xlvii,  1808,  T^if.  viii.)  In  the  retina  only  a  few  visual  cells  an^  n*pw8ented. 
Sach  a  cell  conHiiits  of  a  distal  prolonpition,  the  "  nnl  ainmratiis,"  and  of  the 
actual  nucleated  cell  body.  The  latter  ifives  off.  at  l<'ast  in  some  «ts<»8,  at  its 
baml  extremity  some  short  ])r(»toplasniic  fibrils.  Every  <rell  is  continuous 
with  a  nerve  fibre,  which  passes  as  a  "n-tinal  fibw"  after  jH-rforatinK  the 
cartilaginous  sclera  to  the  visual  IoIh'.  In  the  latter  it  ends  in  the  n>Kion  of 
the  plexiform  layer,  partly  in  its  external  plexus  with  a  deli<«te  fibrillary 
arboriisation.  partly  thnmgh  a  descending  branch  on  the  exterual  limit  of 
the  intenial  hori»mtal  plexus.  In  the  external  granule  layer  there  are 
three  varieties  of  cells :  The  sup«*rficial  large  C4»lls, :?  (a'l :  the  larger  ext4*rnal 
granolvs,  2  {b) ;  and  the  smaller  external  gninules.  J  <c).  In  the  plexiform 
layer,  the  autochthonous  elements  only,  the  glia  cells.  ;i  (d),  are  repn*s«»nted. 
Of  the  elements  of  the  int4'imal  gninnlar  layer  (5,  .7,  5),  the  cells  .1  (c)  cor- 
resptmd  to  the  smaller,  the  cell  .'»  (/)  t4>  the  larger  variety  of  internal 
grannie  ccd la.  Their  axones  go  down  into  the  niedullate<l  snbstjinr<'  to  <'nd 
therewith  free  ramifications  (hypothetical).  In  the  medu  11a r>' layer  th<' 
cells  are  of  the  ordinary  typ<*  «/>.  6\ /7)— that  is,  cells  with  des<-('ndinj;  axones. 
of  which  there  are  smaller,  f>  (fj),  and  larger.  fJ  ih),  examples.  The  eells, 
i(/\  reprwcnt  the  rarer  fonn — namely,  the  eells  with  ascending  axones; 
nnaUy.  at  the  bottom,  is  shown  a  very  larae  giant  cell.  7  (i).  which  s<-nds  its 
azone,  as  do  moat  of  the  cells  in  the  medullar>'  layer,  into  the  iK'dun4-le. 
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Th*  BTTTU  f^ieblfa — Gaiifi:<c  s{^cn;« — 'Hs-  eortlemr  root  of  the  ocoustio 
nerT4 — Peripheial  pn>c«»«i  ai>i  \itt  ^rgmD  tit  Corti — Cmtnl  axonM — 
Xacieiortcraiiiiali-M) — B;'iuv's:ioci''f  kxooca — TermiiulsmiK]  collaterala. 


The   peripheral  nenpones  ot  th*  aoditoiy  paths  are  those 
which  enter  into  the   foTiDati>>ii  of  the  radix  cochlearis   N. 


['■-  3i!I.— The  Isl.TrinthD^  nH-mhTaiBiYD*  nf  tbr  rifbt  inlrml  Mr  of  a  hunun 
•-ciliTj- SI  the  tinh  iD'inth.  ^¥t'n  fniu  tbr  bm^bI  aidr.  I  Alter  li.  Srtiiuii.  a» 
';!zlit:y  iri'iIiliMl  hy  A.  Raolwr.  I-i.  utrimlu*:  J,  iwnWM  Diriruli ;  ,1. 
cui'iiU  a>  n-lii-a  nirii-uli :  ^  siiiu>  piMi'niiT:  .>.  nniv  aaprrior:  6,  ampullk 
Dii-n>>-i9iuv->«  -dip-'rii-r:  7.  aiupiilb  iDpubninKm  lalrnib:  f,  smpiilU  dh^tu- 
l-miwrB  {•K-trrior :  :'.  iIwIuh  wmiriimbri*  cnppTMr:  HI.  dncttu  wtnicir- 
<u!Bri-i»Mi>-ri--r :  r;.  ilprms-v-iuji'in-utiri^  birralb:  l^.  vidnivd  mouth  af 
rrn- Miutilf'X  iif  Ihi-  Iali-nl  ftinii'iirular mal  inrniiif  inlothr  atrkalnB :  IS, 
•in  u!i- :  ;l.  ni»i-tila  sru^ira  «Mt-nli :  !■''.  ductus  PDdoljinpbBlirDfi :  IS, 
"l-ii-rii.  ■i;ri<-ii1>«an'nlBri' ;  J.',  ■im-tu*  rtHinirns :  /.*.  orrum  Tentibalarp  of 
dirtn-  .-..'hl<':<ri<:  .T'.Hu.iu*  ■•.■-hl.'aris:  .*>.  X.  fitrulU:  il-H.  X.  »cu»ticiiii ; 
l:.  S.  vi-tiVii:! ;  .'-'.  X.  -aiTuUTb :  ,-.:,  X.  ■mnalbris  iDfcKor ;  H,  X.  coch- 
in-, ^i.  <li-tn>>nii.>ii  .tta,  iiH-hlnp  urithin  ibr  lamina  (pinlts  ohm*. 
U4 
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aciiBtici,  or  BO-called  nervus  cochleae*  (Fig.  361).  The  cell 
bodies  are  situated  ia  the  ganglion  spirale  (ganglion  of  Gorti) 
which  lies  in  the  bony  cochlea  f  (Fig.  3G2).     These  cells  remain 


o  382— nertl  n   hrouiih  the  cmrhlvsrrcKiniin 
biBTiBceu        H  gu  nca  iiifi.     ( AfU'r  A.  A.  Be    h 
b    h  d      HiHb  nfn     k-s  Mi'iiHcliin,  itc.  \ 
«ca1a   Mt  hu       n  lah  11m  vrxtiUularc  iif  t 
m«du  Uted  ptnph  ra  fi)>rm  uriiiliig  tnim  v 
bp  rnt  d     nhnt^  b>  the  nniai 
gin^     n    p  ra       q  b  ima-vaav 
n  n       De  da  Mearis ;  il 

k,  ligamcntum  H|iicnlr  rorhlni- : 


-.X^!r, 


*  There  is  no  proof  tlial  in  higher  animals  tlii>  nriiron^s  of  the  ncrvus 
restibuli  ars  concemwi  with  itiipulscs  which  liavc  tc)  do  with  tlic  jK-'rception 

of  MHlOl). 

f  SkU,  L.  (Sur  I'origine  ilu  nerf  acoiintique.    An*)i.  itiil.  lio  birjl.,  Turin, 
L  tvi  (ISai-Ttt),  pp.  19«-207),  believes.  i[i  agreement  «ilh  Oniifrowiuz.  that 
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bipolar  {vide  supra)  throughout  life  {Fig.  363).  The  periph- 
eral processes  run  out  to  end  free  without  manifold  branching 
in  among  the  epithelial  cells  of  the  spiral  organ  of  Corti  (Ret- 


p.f 


y 


CF. 


Fig.  363. — Two  bipolar  ceUa  from  the  ganglion  npirale  cochles  of  a  yoang  mouse. 
Method  of  Golgi.  (After  M.  von  ix?uh<«s6k,  Anat.  HefU?,  Wieab.,  Bd.  iii, 
H.  ix,  1893,  Taf.  xiii,  Fig.  1.)     P.F.,  peripheral  process;  C.F., central  axone. 

zius,*  van  Gehuchten  f)  inside  the  ductus  cochleae  J  (Fig.  364). 
The  meduUated  central  prolongations  or  axones  of  these  cells 
massed  together  make  the  nervus  cochleae  (posterior  lateral  or 


many  of  the  cell  bodies  of  the  peripheral  auditory  neurones  are  situated  in 
the  ventral  eoohlear  nucleus,  but  this  view  has  not  been  supported  by  sub- 
sequent investigators. 

♦  Rotzius,  Cr.  Die  Endigungsweise  des  GehSrnerven.  Biol.  Untersoch., 
Stwkholm,  n.  P..  Bd.  iii  (1892),  S.  29-^0. 

t  van  Gehuchten,  A.  Contribution  k  Vetude  des  ganglions  c^pebro- 
spinaux.    Cellule,  Lierre  et  Louvain.  t.  viii  (1892),  p.  226. 

t  The  nervus  sacculi  with  peripheral  distribution  in  the  macula  acostiea 
sacculi  is  a  branch  of  the  nervus  cochleae. 
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cochlear  root  of  the  nervaa  acusticue).  Thej  pass  into  the  cen- 
tral nervotu  system  at  the  junction  of  the  medulla  with  the 
pons,  and  enter  into  relation  vith  definite  masses  (mainly  the 
nucleus  X.  cochleae  ventralis,  and  the  nucleus  N.  cochlcte  dor- 
salig,  nucleus  tubercuU  acustici)  of  gray  matter  in  which  are 
situated  the  cell  bodies  and  dendrites  of  large  numbers  of  sen- 
S017  neurones  of  the  second  order. 

The  cochlear  nerve  as  it  enters  the  rhombencephalon  passes 
dorsalward  and  spioalward  lateral  from  the  corpus  restiforme 
into  the  medial  side  of  the  large  nucleus  nervi  cochlea  ven- 
tralis,  in  which  a  lai^e  number  of  its  fibres  terminate  (Fig. 
365).  A  bundle  of  considerable  size,  however,  can  be  followed 
in  Weigert-Pal  preparatious  as  far  as  the  uucleus  nervi  cochleie 


FlO.  set.— Glpinl  organ  of  (Nirti  of  the  dui'tiiH  ciirhlcariB  In  tranHVenc  or  mdial 
wctlon.  (AfterO.  R«lziUH,rrom  A.  Rsiihi'r'fl  text-bonk.  18W,  S.  SIS.  tlK-T'lS.) 
rr,  iDedallated  distal  proi-(twe«  or  hipcilur  nerve  velU  in  ganglion  Hiiinilc: 
/.  fonmea  nervaaum  in  lubium  tjtniHnlciini  Riving  panugi-  to  a  biindlv  nf 
tiie  cochlear  nerve  flhrvs :  tt.  tyinpitnal  cuvcrinR  of  lamina  htudlaris:  r«.  vrr 
(pirale ;  iS.  int^mul  supportlnK  cellK  wliirh  nil  the  left  nide  nrv  mntiniioua 
with  tbe  epithelium  of  the  buIciih  npiniliii;  p.  intrmal  pillar  with  au  inner 
taMBlctll  ib)  next  ti)  it;  p',  external  pillar  with  its  external  bHHil  eell,  b':  I, 
I,  S,  Deiten'  mpporting  cells  with  phalanfceal  procexwH  arriving  at  the  Hur- 
Etci!  of  Corti'B  organ,  there  attached  In  the  lamina  n-tieularis.  r ;  77.  HrniK'n'K 
mpporting  cells  which  diminish  in  heiRht  (4>wiinl  the  right  Kiile  of  the 
figure  andaie  continuous  with  C.  the  cells  [if  <1audiiiM;  t.  epithelial  eella  of 
the  lo-called  "  laver  of  gisnalcB"  ;  i,  inti-nial  Imir  eell.  the  npper  end  of 
which  is  hidden  ny  the  "heftd"  nf  the  internal  pillar  1  t',  hairs  of  liitemal 
hair  cell;  t,  eitamal  haireeU;  f'.  r'.t',  haire  of  three  ejitenial  hiiircelU; 

"tunnel  oird"  extendi  from  »'  to  u' una  radial  bundle;  (,  tunnel  !i|nn- ;  X, 
Mud's  qnce. 

dorealis,  where  the  fibres  appear  to  be  coutinnous  with  the  med- 
nllated  fibres  in  the  medial  portion  of  this  nucleus  (Fig.  -iflG, 
right  ride  of  figure).     It  is  probable  that  the  majority  of  tlio 
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fibres  of  this  bundle  terminate  here,  though  some  of  them  may 
pass  directly  through  the  dorsal  cochlear  nucleus  to  enter  the 
strie  medullares  (sive  acusticae),  or,  pasaing  over  the  dorsal  bor- 
der of  the  corpus  reBtiforrac,  pluuge  down  to  the  region  of 
the  homolateral  superior  olivary  complex  and  lateral  lemniscus 
(Held).    The  position  of  the  areas  corresponding  to  the  ven- 


— Trnnsvene  sectinn  uf  mcilulln  iililnngnlu  rikI  i-cri'lH'lliiiii  of  n 


mntinuuEUi  with  thi-  fUiiiculua  iateniliH  uf  the  mnl ;  F.l.a..  fiuwiciiliM  ImiKi- 
tudinallHinedlalU:  A'./XX.  N.  f(l'>iM>j)liuryiif[cuH(-t  vdkus:  .V.A'//.,  K.  hypo- 
gluwnin;  ^'H.if..  DucleuH  ilt-nlHtilH ;  ^n.n.r.d^  iiui'Ii'Uk  N.  iiichUic  iliinuilis 
ahinm  nuiiv  ^^imlly  mi  oppcutitc  Mdi>  iif  flKuru  -.  .YN.H.r.M..  iiurlciui  N.  vi-h- 
tibuli  mcdialiHi  Sa.o.a.d..  linclciM  iilivsrlii  a<n<wiiriliii  iIiithhIIh:  .Yh.d.x.m^ 
nupleDH  nlivam  avroiwiriiM  niitllallii;  Xh.o.I.,  iiiiclfaK  iilivniin  iiiriTiiir: 
A'H.t.K.,  nucleus  tiartUH  militaril ;  I'J..  jH'duiii-iililH  fliK-ciili :  />..  iiyrauiisi 
Rd.n.tfl.,  radix  di:wcndi'nB  N.  vivtlhuli:  st.i.l..  Ktnitiini  iiit<.'r»lK-iiiv  Irm- 
niMi;  ee,  plane  nf  liniRituiliiial  Miliini  Nii.  «6.  [Note.— This  tigarv  lias 
been  diiproportionab'ly  n.-dur(rd  iii  thi-  n-prciitut'tiiiii.] 

tral  and  dorsal  cochlear  nuclei,  and  the  relation  of  these  to  tlie 
entering  root  bundle,  and  to  the  corpua  trapezoideum.  are  well 
shown  in  Florence  Sabin's  second  diagram  (Fig,  ;t(i7).  The  two 
nuclei,  though  practically  continuous  with  one  another,  are 
fundameDtally  different  in  structiirc,  iind  11  very  little  study  fn- 
ables  one,  even  with  low  powers  of  the  niicrosci)pis  to  difteren- 
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Fki.  3H7. — DtHftrHTn  Tpprowntina  flnl  ivroiiBtrnrliou  Ipreperi-d  froin  seri«1  hcc- 
tiimHi  i>r  iiui'li'l  N.  I'lK'tiliw  aiitl  (.-i>n>uii  trapcziiideuiu.  iA(U.-r  Florence  B. 
SHbin.  JohiiH  U<i|)kJnii  Hwp.  Bull..  IMIT,  S'o.  »!,  p.  3l».Fig.  6.1  C.d..  narlpntt 
iiFTvic«rhl(i(.'iliinitiliH;  (.'.(..  coithis  trapeniiilBUm  ;  <>,,  nucIcDit  nerri  roch- 
liiF  vrntmlU :  A.  pcirliun  uf  nrnt  tniiiille  uf  ruchlmr  ncrvo  TUDnlng  past  tbc 
Vi-ntial  <?nchli«r  nucicuH  Ui  thp  n-giim  of  Ibp  clormi  cochlear  nucletu;  t, 
■Ti-a  ■icpaiiK'd  by  nieilullatf<i  fibr™  i.f  Intcml  piirtion  of  doml  cochlnr 
iiili'liiis:  M.  Hnn  ocrupiMl  by  miiliiiiaUil  Hlirrs  in  the  mpdlal  poition  uf  tbe 
iIotmI  I'orhlntr  nui'lfus;  /„f.,  n'sioii  uf  li'mnisicuii  tetrralb;  .V.e.,  nervas 
I'lH'hlpiF ;  .Y.D.ii..  viiQipltx  uf  nut'ltUBulivaria  HUpcriur ;  X.U.,  nucleus  lemniaci 
IiIfihUh. 
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tiate  the  two  nnclei  at  a  glance.*  A  few  of  the  fibres  of  the 
nciTua  cochlew,  according  to  Held,tgo  paat  the  ventral  nucleus 
without  terminating  in  it,  to  enter  the  corpus  trajiezoideum 


I.— Entrance  iif  N'.  rorlilofc  into  thp  (■rntml  nirvoiw  Kyxtpin  :  portinns  nf 
the  rvntnl  audltitty  pallui  nn'  rImi  hIiowii.  Wi-iBi-it  lircpuratiiin.  Hnman 
totnii,  3S  cm.  lonft.  (After  H.  H.-M,  Anh.  f.  AiMt.  u.  Phy»ii>l..  Anat.  Abth.. 
Leipt.  18B8,  8.  810.  Fi«.  S. )    The  flmire  ih  w.mi-whut  M-lu^niatii'. 

•  The  reader  is  wlvisecl  horp  and  i 
to  refer  frequontlj  to  the  transverse  a 
Figs.  SOS  to  824 

fHeld,  H.  Die  centralcn  Rahnon  iles  Xtrviis  miistii^us  bri  iler  K«tw. 
Arch,  t  Aiut  u.  Phyriol..  Aniit.  Ahtti..  I<i'i[.ii.  (Ifiilli.  S.  aTl-SOl.— I>ip  cen- 
tnde  GebOrleitung.  Arch.  (.Anal.  11.  Phjsiol..  Ansl.  Alilh..  Lfipz.  (18B3), 
S.S01-Ma 
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Cff/i^aAa  siiinrifir 


of  the  1  ordi 


SudiU3  iv/wA  traptt^dti 


:o.  MO.— nrhiMTii'n  illnKtrntiiiR  trmiiiiHtinti  nf  axonmi  of  K.  rochlne  in  theoED- 
tr«l  ntri'mi"  HVMti'm.  iii)0'''i>'r  wilh  ""nic  of  Ihe  cpntnil  auiIitoiT  nparaoca. 
(After  II,  H.'l.l.  An:L.  f.  Aimt.  ii.  Phyai..!,.  Anat.  Abth..  Leipt,  1898,  8.  MO. 
Fig.  15.) 
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(Fig.  368),  and  so  come  into  relation  with  the  superior  olivary 
complex  of  the  same  or  of  the  opposite  aide.  Some  root  fibres 
may  possibly,  he  thinks,  go  into  the  one  or  the  otlier  lateral 
lemoiscuB  to  terminate  first  in  masses  of  gray  matter  situated 
eren  higher  up  in  the  cerebrospinal  axis  (Fig.  300).  The  studies 
of  Thomas,*  by  Marchi's  method,  also  make  it  seem  probable 
that  root  fibres  of  the  cochlear  nerve  pass  without  interruption 
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directly  into  the  strise  acusticie,  corpus  tnipezoidcuni  and  lat- 
eral lemniscas.  A  point  to  be  emphasized  in  connection  with 
the  nerruB  cochlete  is  the  absence  of  any  evidence  for  the  pas- 
sage of  any  of  its  axones  directly  into  the  cerebellnm.  Thus 
the  nenrones  of  the  first  order  as  well  as  those  of  the  second 


■Thomas,  A. 
CompL  rend.  Sa&  de  biul..  Par..  10  s. 


ntrakx  ile  la  rai-iiit'  lubvriiillii' 
V  (1898),  No.  6,  p.  183. 
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order  {vide  infra)  of  the  auditory  conduction  path  are  in 
marked  contrast  with  those  of  the  nervus  vostibuli  us  regards 
their  behavior  toward  the  cerebellum.* 


FlO.  371.— Mode  of  tcrniinatiiiii  ut  the  aiani^  of  the  N.  cochlcff  in  the  nucl<-us 
N.  i-.H-hliiu  vpntraliK  of  a  uewbom  mt  (A(Ut  S.  Ratnfin  y  <Xi»l.  Biitrag 
zuiu  Studium  der  MedulUt  OblimgatA,  etr.,  Bmder,  lA'iia.,  ISSS.  S.  77,  Fie. 
30u. )  a,  HIjre  cndiiiit  iu  H  eaniral  bulb ;  b.  Hhrv.  Bumiunding  ■  nil ;  c.  three 
end  hulhi  Cuming  inbi  cunbu'l  with  a  ninitle  ri'il ;  d,  stellate  end  hulh :  e.  deli- 
cate ei>lUtcniU  rrum  a  tbtv  connected  with  an  end  bulb  ;  /,  end  bulb  with  a 


The  axones  of  the  cochlear  nerve  bifurcate  on  entering  the 
ventral  nucleus,  dividing,  as  do  the  doreal  root  fibres  in  the  spinal 
cord,  into  an  ascending  and  a  descending  limb,  each  of  which 
gives  off  many  collaterals  (Fig.  370). 

The  ascending  limb  is  short,  and,  passing  dorsalward  and 
oackward,  ends  as  a  rule  in  the  ventral  cochlear  nucleus.  The 
descending  limb  is  much  longer.  It  runs  posteriorly  and  enters 
the  tail  of  the  posterior  part  of  the  ventral  nucleus  and  in  many 
instances  passes  into  the  nucleus  nervi  cochlete  dorsalis. 

The  terminals  and  collaterals  from  the  axones  of  the  cochlear 

>  It  shniilrl  l>e  mentioned,  however,  that  some  inveetigatora,  amoog  tbem 
Foster  ami  Shirrinfrton  (Part  III  of  Foxler's  Text-book  ot  PhyaJologj)  and 
Ton  Kiillik^r,  maintain  that  the  co<!hlpar  nprve  i*.  bjr  way  ot  the  strw  acns- 
tien'  ami  corjiu:*  resliloniie,  coiitiect«d  with  the  ccrebelluiD. 
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nerve  form  curious  end-arborizations  whic^h  come  into  close  con- 
tact with  the  ceUs  of  the  nuclei  terminales.  They  were  first  de- 
scribed by  Held,  and  have  also  been  pictured  })y  Ramon  y  Cajal. 
They  are  well  illustrated  in  the  accompanying  figure,  which 
shows  the  terminals  in  the  new-born  cat  (Fig.  371). 

The  course  followed  by  the  auditory  impulses  inside  the  cen- 
tral nervous  system  (auditory  neurones  of  the  second  and  of 
higher  orders)  will  be  considered  in  a  subse(iUont  chapter. 
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SUBSECTION  n. 

Neurones  Within  the  Central  Nervous  System  Con- 
necting the  End  Stations  (Nuclei  Terminales)  of  the 
Axones  of  the  Peripheral  Centripetal  Neurones 
with  other  Portions  of  the  Central  Nervous  Sys- 
tem (Centripetal  Neurones  of  the  Second  Order  and 
of  Higher  Orders ;  Central  Neurones  of  the  Sen- 
sory Conduction  Paths). 


CHAPTER  XXXIX. 

CENTRIPETAL   NEUKONES   INSIDE  THE   CENTRAL  NERVOUS 

SYSTEM. 

Classification — Those  concerned  in  bodily  sensations — Those  pertaining  to 
the  spinal  periplieral  centripetal  neurones — Groups  of  these — Those  the 
cell  bodies  of  which  are  situated  in  the  nuclei  of  the  funiculus  gracilis 
and  funiculus  cuneatus  of  each  side — P^ibra?  arcuata?  interna' — Stratum 
interolivare  lemnisci — Decussatio  lemniscorum — Lemniscus  medialis — 
Nucleo-cerebellar  systems. 

Having  considered  the  neurones  collecting  impulses  from 
all  parts  of  the  body  (including  the  organs  of  special  sense)  and 
carrying  them  into  the  nerve  centres,  it  is  necessary  to  exam- 
ine briefly  the  main  facts  which  have  been  ascertained  concern- 
ing the  neurones  which  are  so  disposed  that  they  can  take  up 
the  impulses,  where  they  are  left  by  the  peripheral  neurones, 
and  carry  them  further.  In  this  examination  we  shall  follow 
the  same  plan  as  that  adopted  in  our  study  of  the  peripheral 
centripetal  neurones  and  consider  (A)  the  paths  concerned  in 
the  carrying  of  bodily  impulses  separately  from  (B)  those  whose 
function  it  is  to  forward  the  impressions  derived  from  the 
organs  of  special  sense. 
556 
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(A)  Omtial  NeuroDH  of  Benaoir  Conduction  Paths  other  than 
thoM  comaponding  to  th«  Orffana  of  Special  Senw. 
In  considering  the  peripheral  spinal  neurunce  we  huve  Recn 
OTer  how  vast  a  territory  the  collaterals  and  terniiiialH  are  dis- 
tributed in  the  spinal  cord  and  medulla.  It  is  obvious  that 
impulses  arriving  along  a  single  peripheral  spinal  neurone  can 
aSect  neurones  of  the  second  order  by  means  of  collaterals  and 
terminals  in  very  different  portions  of  the  gray  matter  of  the 


Fio.  378.— Floor  of  fourth  vtntriile  UTid  ilnnail  vuw  iif  niyi'l.-nii'i.hiiloii.  (AftiT 
J.  Hcnle,  H&ndbucbdprNcTvvnlehrpili'HMeiuH'lien,  lI.Aiifl..  BmuiiKchwciK. 
WW.  Fi(t.  123.  8.  306. 1  Tbi-  TOrcU-lluiu  Hiid  ii-lum  lucdullun-  aiiUriuh  have 
been  cut  throngh  Id  Uic  mhldlv  lint-  ■iid  tumnl  to  tlw  Kidv.  Ar,  aite  vlntntc ; 
A^.  ■rmtwiry  nui^lfim  of  StillinK ;  f'l,  i^Iava ;  t^.  coiwira  qindriininlDB :  F, 


fliH^tMiliiH :  Fe,  funlculnn  uuimUuii  ;  Fg,  ftmiculiw  gndim-,  Fra,  (iivcB  ■upcrlor : 
"     ■         neiuleuii;   OJ,  i '  •-    -      —  -  ■-      '  -         j-  ■   -■■  ■" 

le  Ride :  Ttir.  nui 


fA  luriiB  neiuleuii;   M,  iiImm:  l^,  pontfculiin  (iif  ttenin  vi>ntrirull  anaiti) 

■-'-■  •-,  qne  side  :  Tnr.  durli-iw  nitrvi  iiM'lilcn-  donmliii  nnd  striir  iiicdullai 

ri-ium  meduUBTC  HI 


spinal  cord  and  medulla.  An  immense  problem  here  lies  before 
Ds.  At  present  we  can  not  speak  with  desired  deliniteness  con- 
cerning all  the  nenrones  of  the  second  order  iind  of  higher 
orders  here  concerned,  but  have  to  be  (content  with  describing 
the  relations  of  certain  great  groups  of  neurones  of  the  nuclei 
terminales  as  far  as  they  have  been  made  out.  The  lower  motor 
searones  situated  in  the  ventral  horns  are,  as  has  been  seen, 
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thrown  under  the  influence  of  collaterals  and  terminals  of  pe- 
ripheral sensory  neurones,  but  in  such  an  event  the  impulses 
can  be  carried,  it  is  believed,  to  the  muscles  alone ;  the  progress 


Fro  373  — TmnH\i  rv  trrtx  n  at  thp  jiinitlnii  of  thr  mnlulla  spinalU  with  the 
meilullu  ohIiuKHlu  (\rt<r  I  Htnle  HandhiKli  di  r  NfrtKnlihrc  dex  Mt-u. 
fchin  Zw(it<  \iirl  BraunM-hHiiK  ISTU  S  208  Pig  124  i  O  ranali*  ccii- 
tntliH  Cgd  mlumiin  ik'^hui  clcinwlm  Cffr  i-olumna  (ftnsea)  \entnlU :  Pf. 
fimiiiilun  \iiitiHlis  Fe,  funirulus  rtmiHtUH  F^  &iiclcu1u«  giacilu;  p.  aah- 
■tautia  B(  iHtliiuKi  Rnlandi     gr  sulixtantia  |Kliitinw«  centralis     I  vvnttBl  mot 

..»  .1...  ^_j. ■ .L..  T  i,niicat»Ba  rross  Boetion  i  f  a  blood-vnwl ; 

jcctiuii  IB  bvlanthi  leicl  of  the  decuwatio 


of  centripetal  impulses  toward  higher  centres  would  not  be  fur- 
thered The  neurones  concerned  m  the  latter  function  consist 
of  at  least  several  well  marked  groups  It  wdl  be  convenient  to 
consider  (1)  the  central  neurones  pertaining  to  the  spinal  sen- 
gory  nerves  more  or  less  separately  from  {'2)  those  which  per- 
tain to  the  cerebral  nerves. 

1.  Cmtnl  KaoroiiM,  th«  PstUemtohi  ftnd  DenlrltM  of  iritlth  u*  Bltn>tad  In 
the  JTnalei  Tccmliulei  at  the  Axonei  of  the  Bpliwl  Feriphnal  Ontrlpatal 

Venrona. 

Tlie  neurones,  tlie  cell  bodies  and  dendrites  of  which  cor- 
respond to  the  nuclei  terminales  of   the  dorsal  roots  of  the 
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spinal  nerrea  may  be  considered  under  the  following  head- 
ings: 

{a)  Neurones  the  cell  bodies  of  which  arc  situated  in  the  nu- 
cleus funiculi  gracilis  and  nucleus  funiculi  cuneuti  of  each 
side. 

(A)  Xeurones  the  cell  bodies  of  which  are  situated  in  the  nu- 
cleus dorsalis  of  each  side. 

{c)  \eurones  the  cell  bodies  of  which  are  situated  in  the  gray 
matter  of  the  cord,  their  axones  helping  to  form  the  fasciculus 
rentro-laterslis  (Gowersi)  of  each  side. 

((/)  Neurones  the  cell  bodies  of  which  are  situated  in  the 
gray  matter  of  the  cord,  their  axones  making  up  the  faacicu- 


Fla.  8T4. — TmuYenie  eection  thrniiRli  the  mi>diilln  »)i1nnt^tH  at  Ihr  Irvd  nf  the 
devibcBtdii  nTmniiiliiai.  'After  J.  Hi'iili'.  niinilhiiili  dcr  Ntrvi-nli-hrr  dm 
Mrntvhr-n,  Z write  An fl..  BrBUinirlin'cie.  1X70.  S.  21 1 ,  Fie.  ISn. }  Citr.  ciiluiuna 
(giiwn)  TentTBliH  ur  ventral  hum  :  tV.  r<intjniiutii>ii  in  tlio  iiimIiiIIh  of  tlic 
tawiculiu  TttntraliH  pnipriiis  ( I'orderttraii^rea  iif  tlir  (ierniaiisl :  f>#,  ttuvir- 


Ins  proprins  (ground  bundle)  of  the  ventral,  lateral,  and  dorsal 
funiculi  of  eaoh  side  of  tlie  cord. 
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While  these  repreaent  the  chief  nuclei  tenninalee  of  the 
dorsal  roots  of  the  spinal  nerves,  it  must  be  pointed  out  that  h 
certain  number  of  dorsal  root  fibres  terminate  first  ia  the  cere- 


Flii.  37S.— Transverse  section  tlin 

must  muiial  (ila  nulioularin  i  ,. 

tlaiiilbui'li  ilcr  N't'i^-ciitihre  di-o  ^tliiwchcn,  Zwi-ite  Autt..  BrauiiM-hni-i 

S.  313.  Fill.  l'-!7.>     Fr'.  tonti  mint  ion  in  the  ninlulla  of  the  bwiiaiUH  vtii- 

tiHlix  i>ni|iriiiH  iif  the  Kpiual  rnrd  :  F)>!i.  pyraniiH  (at  iippcnuodt  li'vcl  ut  Hr- 

eniMHf  111  nvnmiiliini  > :  tl,  siibntiintia  gplatiniitn  ;  A'r.  iiuvleUB  fUniriili  I'uiicHtJ 

(Bnnliii'lii):  .%>.  niii-lriM  fuiiiiiili  gradliH  <Ch>lli>.    Thv  derUHmtio  itniTiis- 

(iinini  is  nut  iudtctiti'il  in  thv  flfpirv,  thuugb  it  ia  tu  h«  eevo  at  this  Ivvel.    (T. 

Kin.  378. 

helium,  and  possibly  also  in  the  formatio  reticularis  griaea  of 
the  modulla  oblongata  (rit/e  infra). 

{(Ill  tl)  The  nuclei  of  the  dorsal  funiculi  (nucleus  funiculi 
gracilis  and  nucleus  funiculi  cuneati  of  each  side)  are  situated 
in  the  medulla  oblongata  at  its  junction  with  the  spinal  cord. 
The  awellings  on  the  dorsal  surface  of  the  medulla,  known  on 
each  side  as  the  rlara  and  the  tuf/errulum  cvneafum,  arc  due 
to  these  nuclei  (Fig  372).  The  cltti-a  corresponds  to  the  nu- 
cleus fuukitli  grii'ilix  and  the  fitberailum  cuHeatum  to  the 
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Huclevg  funicuH  cuimiH.  A  study  of  a  series  of  eections 
(Figs.  373  to  377)  through  the  upper  portion  of  the  cervical 
part  of  the  spinal  cord  and  the  lower  portion  of  the  niedullu 
revenla  the  general  relation  of  the  fibres  of  the  dorsal  funiculi 


Fin.  3TR.— TnmvFne  Hn'titm  <>(  the  mnlullu  (ihlougata  at  the  levtl  iif  the  miiiliil 
fitn'iDitjr  uf  the  narlMiH  olivariK  infrrlur;  piitiuih  tin-iianitioii.  (Alli'rJ. 
HeDh:.mndbncbd<^XFrv<inlfhn'ilpHMunw1uii.ZwFitoAiifl..IImuiwhwi-iK. 
ISm  8.  £20,  Fig.  lU.)  Cr,  nuiali*  n-ntniliii;  Fhn.  fibnr  arruatH>  i-xlt^a- 
vrntruks;  Ftf ,  rcmulOR  uf  vtintinl  ninu'ulaiiof  the  Hpliinl  rani ;  Ft.  &M>fiii1iii( 
cunMtus  (Burdx^hi) ;  Fg,  liwii-nluii  gtwiliH  (Goll!) ;  Ppii.  fiuK-iruli  (i-n'hn>- 
iqiiiiaUrH  pjrnmidiilnt  alwvi'  thp  li>vi'l  iif  tlic  ilit'nwatio  pynnildum :  Ha. 
nndrl  acMMtl ;  Sk,  nudi-uit  uTvi  liynnRlioiii ;  Sa,  iiwli-nii  Diivurin  iufcriiir : 
.V>,iiii«k-iiaoUTHri8H«v>Hiriuii miilialiH:  ff.  n(plu>;  r«.H.r..  tnii-iiuiH|iiiui1iK 
nrni  trigelnf  ni ;  A'/f.  mitii  ihtvi  hy|H>)[l<>»ii ;  *.  tnnK  wrtiinT  ut  UliHid-viii- 
i»l;  **,  longituilinul  w^'tiiw  iif  bliiwl-riiwl ;  t.  trm-liiH  siililuniiH. 

to  these  nuclei.     Passing  from  below  upwunl,  one  makes  out 
that  as  the  masses  of  gray  mutter  begin  to  appear,  the  volume 
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of  the  fasciculi  of  white  fibres  begins  to  diminiBh.     Id  sections 
Btill  higher  up  the  nuclei  are  larger  and  the  fasciculi  grow  pro- 


/■  nrI    ,■(» 


Fid.  3TT.— TrnnHVciw  wi-timi  of  thp  nu'ilnllH  i>hli>nRatB  at  thp  Irvel  of  thv  middle 
<ir  the  nui'IcuH  olii-aris  inferior.  IAfl4-r  J.  Hrnlc  Hanilbuch  der  Ncrwn- 
Uhn  ili-H  Mi-iiwlu-n,  ZwciW  Aufl..  RmiinwhwclK.  IMTfl.  H.  227.  Fin- 13», )  (V., 
roqitiH  n'Mironiic :  Fpg.  Tiisi-iruli  pyraiiiiilalcd ;  \gl.  iiiirk'us  (UTDiinsiiBi 
iirrvi  Blcii«)[iluir.vii)0'i ;  A'fc,  nui-lpim  (oriuinigl  iiervi  hypuKioHii ;  .Yo,  nui'U'Us 
(ilivxrii  iiifrrior;  Xtia,  iiiii'luiis  i^ivarin  acrituHiriuii  ilonaliH:  Np,  niidrus 
nli\-HriK  a(iii««riUH  nuilinlU;  A'r.  nui'Irus  Hi*  rinrnw  (nucleus  tmniDBlig 
niTvi  VHKii;  l\i.  niuttniiuK  (of  ticniii  vcntriruli  quitrtl);  K,  raphe;  IX, 
ruUx  iKTvi  Kl'KwipluiiTop'i ;  A7/.  railii  iHTvi  hypngluHU :  t.  tTMtuBBulitariua. 

gressiTi'ly  smaller,  until  in  the  uppermost  regions  of  the  nuclei 
there  are  scarcely  any  white  fibres  intervening  between  the  gray 
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masaes  and  the  dorsal  surface,  the  white  fibres  having  disap- 
pearetl  by  running  into  the  nuclei  to  terminate  in  them.  The 
nucleus  funiculi  gracilis  appears  nt  a  lower  level  than  does  the 
nucleus  funiculi  cuneati  and  it  terminates  at  a  lower  level  in 
the  medulla  than  does  its  neighbor ;  the  white  fibres  of  the  fas- 
dcnlus  gracilis  have  all  disappeared  at  a  level  at  which  there  is 
still  a  large  mass  of  fibres  in  the  fasciculus  cuueatus  running  to 
higher  levels. 


r%^. 


FlO.  3TH.— TreiMVcnc  Hvtion  thn.nKh  mi-diillii  oMonKHta  >rf  nrwlmni  rlnld  at 
Irvrl  (>f  dei'UBntiu  U'lunut^nruiu.  iStricM  ii.  wctioii  No.  5U. )  ''.<.,  rannlu 
ifiilralixi  Dft.l.,  di-cuHHiti»  lfniiiiiHi)niiu ;  FmA.,  lilini-  Rn-uatiK  iiitcni»; 
F.a.f.,  fliine  HivuHUr  rxtinin-;  F.c,  (iiH'iculu!!  liiDralUB  BunlHchl:  F.r.ta 
t.f..  hundleii  frum  bmticuliis  runcutOH  tn  fuTmatlii  n-liL-uliiriH ;  f.Wn.,  fiiKrii'- 
iiliiH  rcrvbelloapiiiHlU  nr  dirtct  wrclH-llar  tmrt ;  F.9.,  iiua'fi-ulUK  H 
Gulli;  r.p.p.,  fiiviruliiK  ii-ntraliiinnipfilbi;  AH.nim..  hucIciik  I'unmiUH 
.VN/r..  nui'lcna  (tiniciili  I'uni-nti :  S'K.f.ff.,  nurlpiin  niiiiciili  Rniriliii ;  1%, ,..  „,- 
mi* ;  Til.*.  {'.,  tmi-tUH  xplnaliH  N.  triai'iiiiiii :  f.ti..  KiilistHiirui  Ki'lHtinuw  [Itu- 
Uuili].     (Wv1b(.tM>U1  i>n-piirHti<.ii  l>y  Dr.  Julin  IIvn'<'(s..ri.) 

The  fibres  of  the  dorsal  funiculi  of  the  spinal  cord  terniinat- 
ing  in  the  nuclei  mentioned  tninsfer  the  impulws  wliich  they 
carry  to  the  dendrites  and  c-ell  bodies  of  nen  rimes  situated  there; 
the  asones  of  these  neurones  carry  the  impulses  further.  A  largo 
nnmber  of  these  axonea  appear  as  intenml  arcuate  libres  which 
press  in  a  curved  direction  to  tlie  raphe,  decussate  with  corre- 
sponding internal  arcuate  fibres  of  the  opjiosite  side,  forming 
the  dccuesatio  lemniscornm  •  {Fig.  378),  and  then  assume  a  lon- 
gitudinal direction  in  the  soKialled  interolivary  layer  of  the  lem- 
niscus (stratum  interolirare  lettinixci){Vi{^.  :t7!»)-     Farther  bead- 

•  The  nature  of  this  decussalion  and  its  n;Uilicin  In  the  iiuiOei  "t  tbp  dor- 
Mi  funiculi  and  to  the  lerniiiw-uf  whh  InrifT  mi.surKlcrstiuMl,  Tlit^  iDvdiiiii^n- 
tion  ftudies  of  Plecbaig  first  throw  lit;lit  on  llic  subji^i'l,  TId-  (iiTiiiutis  fur 
a  long-  time  iipoke  ot  the  lieciissaticm  us  the  obere  I'yrniuitfriikrtiiztiug  to 
distinjpiisb  it  from  the  motor  dci-'ussation  or  unlrre  I'yriimidrnkrtiizuny. 
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ward  this  interolivarr  layer  ib  oontmuous  with  the  lemniscus 
medialis  which  runs  through  the  poDB  and  midbrain  toward  the 
higher    centres   terminating 
fUrmimwiuar  ■' mu!^rmn     Disinly  in  the  Ventrolateral 

group  or  nuclei  of  the  thala- 
mus. Another  portion  of  the 
axoncB  from  the  nuclei  of  the 
dorsal  funiculi  pass  through 
the  corpus  rcBtiforme  into  the 
cerebellum. 

The  nucleus  funiculi  gra- 
cilis on  each  side  receives  the 
terminals  of  the  majority  of 
the  axones  which  make  up 
Goll's  fasciculus  of  the  same 
side  of  the  curd,  though  it 
has  lately  been  shown  that  a 
few  torminalB  and  collaterals 
cross  the  middle  line  to  enter 
into  the  nucleus  of  the  oppo- 
site side,  forming  in  this  way 
a  terminal  decussation  of  the 
a^tones  of  the  peripheral  cen- 
tripetal neurone  system  (Ra- 
mon y  Cajal's  entrecruzami- 
enlo  fermuial).*  The  cell 
bodies  of  the  nearones  situ- 
ated in  the  nucleus  funicnii 
gracilis  are  triangular  or  stel- 
late, and  richly  provided  with 
dendrites.  A  part  of  their 
axones  pass  at  first  lateral- 
ward,  and  then  curving 
around  become  directed  ven- 
tralward  and  medialward  in 
order,  as  fibne  arcuate  in- 
terna?, to  cross  in  the  raphe  and  to  enter  into  the  opposite 
stratum  interolivare  lemnisci  and  thence  into  the  medial  part 

*  Karn6n  y  Cftjal,  S.  Itvitrag  sum  Studium  der  Medullft  oblongata,  dea 
Kleinhims  und  des  Ursprungs  dcr  Gehimnerven.  Deutsch  von  Bresler, 
Leipz.  (1896).  S.  61. 


[O.    379.— .Schcnii;  of  the   innrse  of  the    ' 
M'liMiry  lutlw  uf  th«  donul  funiculi 
in  the  n>)^on  of  their  nurici 
OhiIiiIIb  ohlunitiitH.      lAfti'r  L. 
(BT.  XiTviMc  (Vntisldrttniii'.  V.  Aufl., 
LL'ipz..  Ism).  .><.  Ua.  TitC-  235) 
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of  the  lemniscus  mediulis.  The  course  of  these  fibres  and 
their  terminations  will  be  described  in  full  further  on.  A  cer- 
tain number  of  the  axones  from  this  nucleus  pass  dorsalward 
to  reach  the  surface  of  the  medulla,  and  then  run  laterally  as 
fibrae  arcuatae  externae  dorsales  to  enter  the  cerebellum  through 
the  corpus  restiforme  (Edinger,  Bruce,  Ferrier  and  Turner). 
Further,  some  of  the  axones  before  mentioned  as  decussating 
at  the  raphe  instead  of  running  longitudinally  in  the  stratum 
interolivare  lemnisci,  plunge  ventrally  through  or  around  the 
pyramid  to  reach  the  lateral  surface  of  the  medulla  and  to  enter 
the  cerebellum  through  the  corpus  restiforme.  It  is  believed 
by  von  Bechterew  *  that  a  portion  of  these  fibrae  areuatas  ex- 
temae  ventrales  undergo  relay  in  the  nuclei  arcuati.  At  any 
rate  it  appears  that  of  the  external  arcuate  fibres  having  origin 
in  the  nucleus  funiculi  gracilis,  the  dorsal  connect  tliis  nucleus 
with  the  cerebellum  by  means  of  the  corpus  restiforme  of  the 
same  side  (uncrossed  gracilar  nucleo-corebellar  neurone  system), 
the  ventral  by  means  of  the  corpus  restiforme  of  the  opposite 
side  (crossed  gracilar  nucleo-cerebellar  neurone  system). 

The  nucleus  funiculi  cuneati,  or  nucleus  of  Burddch's  column 
(including  the  lateral  [external]  nucleus  of  Blumenauf ),  receives 
the  majority  of  the  terminals  of  the  axones  of  the  fascic^ulus 
cuneatus  of  the  same  side  of  the  spinal  cord,  the  terminal  fibres 
breaking  up  into  very  complicated  branchings  in  among  the 
"islands"  formed  of  the  cell  bodies  and  dendrites  of  this  nu- 
cleus. The  cell  bodies  in  this  nucleus  are  also  rather  small,  tri- 
angular, or  fusiform  in  shape.  The  majority  of  the  axones  of  the 
cells  in  the  pars  medialis  of  the  nucleus,  like  those  of  the  cells 
in  the  nucleus  funiculi  gracilis,  enter  the  medial  lemniscus  of 
the  opposite  side  by  way  of  tlie  internal  arcuate  fibres  and  the 
stratum  interolivare  lemnisci.  A  considerable  number  of  the 
medullated  axones  from  this  nucleus,  however,  again  in  agree- 
ment with  the  nucleus  funiculi  gracilis,  enter  the  cerebellum  of 
the  same  (uncrossed  cuneate  nucleo-cerebellar  neurone  system) 
and  of  the  opposite  (crossed  cuneate  nucleo-cerebellar  neurone 
system)  side  by  way  of  the  fibrae  arcuatse  externa}  dorsales  et 
ventrales  and  the  corpora  restiformia.     The  majority  of  the 


♦  von  Bechterew,  W.  Die  Ticituni^balmeii  im  Gehirn  und  RQckenmark, 
Leipz.  (1894).  S.  90. 

t  Blumenau,  L.  Ueljer  den  aeiissercn  Kern  dcs  KcilstrHnjjes  ini  verlan- 
gerten  Mark.    Neurol.  Ceulralbl.,  Leipz.,  Bd.  x  (1891),  S.  22G-232. 
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lu.  3M).-  HiiriKoiitHl  M'i'tiiiii  thnxieh  the  iiuilullii.  |h>iih.  nnd  midhmin  uf  u  nrv- 
honi  Mx:  W.-iuirt-l^il  HluiiiiiiK.  U'Vel  ut  ilci'iiMiitiii  bmihli  cunjunitivi 
Hiii[  uf  iiui'lt'iiH  n'tiriilmiH  icKiuciiti.  (.St'iii-H  iii,  Hcrtiun  Nil  lOS.)  f'.p.. 
iiiniinimlni  ixMbTlor  rt'rt'hri;  /(n.R.r.,  iIiTUKwitia  biachii  mi^Junrtivi : 
Itrr.Uerht.,  i-iinimiimiiv  U-lwcrii  Iln-htcn'w'!'  Tiuclci  i  /).(.,  flIiTCS  todw.-UH«ti» 
IvKiiii'lili :  f.R.i.t  (Wn.  I.,  fliine  unrunlie  iiitcms  frutn  the  iiuckiu  funiculi 
ciinculi:  F.r.,  fbu'iruluH  oiiiinituH:  F.t.tnF.r..  bundle  fYom  thariruluii 
rnncatUH  tii  fiirnuitiii  n'lii'ularis:  F.g.,  rnHcirulun  KrerillH:  F.l.w,.,  laKiculuii 
KniKituiliiutlix uuiluliH :  /^m.,  IcmniHrutimi-dialiH :  L.I..  Icmniwuii  latvraliii: 
.Vof.  1'.,  iwUx  uiutiiriUH  X.  lrlKi>m)iii ;  iV.  17/.,  iwUx  N.  faciiiUs.  oiib  xerunda  i 
,%'.«■»!..  radix  N.  vi-Htiliuli ;  .V.IV.,  mdlit  S.  nbilui'vutiii :  X.XII.,  radix  X. 
hyp"Kl"'«l:  .V..V/..  niilix  N.  ao'fwiurii ;  Ji'B.ti.///.(ol.nudcu«K.ocaloiiiotorii, 
|Hrs  hili-ralin;  Xit.H.IlI.ib),  iiiu'lciw  ji.  n.-ul<nniiti>rii,  pars  impar:  Xn.f. •.{!•, 
nui'lcuH  ci-iitiHllK  MUpiTiiir,  pan  latcmliH:  Xu.e.iAm).  DUdeuH  rentnlitt 
hUiH'riiir,  purs  mciliHliK :  .Vn.r.f^  iiiirli>U!i  Icniiiliiri  luK'niliH:  yu.n,  VII..  nucleus 
S.  (lu'iiilU;  .Yi(..V,r.r,,  nurlouH  S.  i-iH'liliiF  rfnlmlin:  .VH.e.i..  nurleui  ivti- 
tnilixiiiri'rliir;  A'H.r.l.,  uurlvus  reticularis  (cftmcnti :  .YH.J.t.,  uurleua  lalrmlis 
Kupcriiir;  St.sr.e..  Ktratuni  KTua-um  rcutmlc:  SrH.t'..  genaors  runt  of  N. 
IriKiiniliUHl  S.g.,  HUhsCHntiH  tn>]uliiiiiHi  ICulundi;  Tr.fr.nH.D.,  tract  fnim 
Di'itfn>'  nuck'iin  In  the  npiiiHl  I'unl :  T.i.n.l'.,  tiartuii  niiuaUa  K.  triKemioi. 
I  l'n-]airalii>u  by  Dr.  .luhii  IIi-wetHun. ; 
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Flo.  S»l.— HdrimntHl  st-tion  llir..URh  the  tnnliillB,  pi.iLS.  Hiul  Tiiiilliraiii  of  ni-w- 
bum  hBbi>.  Ijvvel  uT  ntniliiiii  iiitcrcilivun-  liiiinbi-i,  n>r]iw  tnijicmidciini  iiixl 
nuclruB  niU'r.  WelKCrt-I'Hl  xuiiiiiie.  iSi'rioN  111,  mvtliin  No.  13H.'i  f'.(.,  iiir- 
pm  trapraoidi-iim :  lite,  Br.timj.,  derunatln  hiwliil  iimjanctiTi ;  /*.(.,  iUtuh- 
MtiatcKiiinitivmtiKlifi(rmtmltrKnu-ntal<l<:irun«tiinturiiVin-li;F.ii.i.i/>n'J.). 
Sbneanniabe  inti'nue  (cIcciMuliii  IpniDlNiuniDl ;  j'.f.,  Bhimiinitinuuui'nith 
thf  funirulDB  latenlu  of  tlic  iqiiiial  <'i>nl :  F.l.m.,  nuriculUK  limuituilinulla 
lnedi»IiK ;  F.r.M.,  laM-k'ulUH  n'tniflpxtiK  Mcyiii'rti ;  L.m..  li>itiiiiM-iis  iiHilialiH : 
X.iri..  radix  S,  oru1i)m<rt..rii ;  .Y.-WViM'.,  mriliir  mn,!  uf  N.  IHp'iiiiiiUK ; 
X.Hrm.l'.,  nmnory  rout  o{  N.  trigiminiiH ;  X.IIIl.inieh.).  radix  N.  iiKhliiF  ; 
S,  VlltJrttl.).  radti  N.  vtHtihiiii ;  X  17..  radix  X.  abdiiinitis :  S.  17/..  nidix 
N.  flirialiH,  pant  sei'imdu:  .V,A7/..  radix  N.  liy|Hi|ttiii*<i ;  .\H.f.l.m.,  iiuili'iin 
bwicuti  Innfritudinalix  iiu'ilialiii.  nr  iiiicIi-iik  niiiiminuinp  piRtiTioriii  [ubrrfr 
OmlometariHtktni  of  Dnrksi'hpwilM'h ) :  .Vh.k.///..  iiurkus  N.  <K'iili>iiiiit<irii : 
Xa.e.a.m.,  nucleuB  olivBriHHixfmiiriuH  mi-diaMH;  Xa.a.i.,  iiiii'li-nx  nil viirix  in- 
ferior: Nu.e.:,  nndeuH  iilivuriK  iiuiH'riitr  i  A'H.rnhr.  iiucli-iis  nilvri  sl.ij,, 
■trattmi  inten>livmre  lemniwi:  Kh..  wlMbiutia  iiisni.  <  PrLiaiatlun  by  Dr. 
John  Hewctaon. ) 
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axones  from  the  cells  in  the  pars  lateralis  or  Blumenau's  nucleus 
go  to  the  cerebellum  on  the  same  side.  In  the  cerebellum 
these  fibres  run  as  a  compact  bundle  past  the  nucleus  dentatus, 
through  the  more  medial  of  the  two  bundles  into  which  the 
corpus  restiforme  here  divides  (Tschermak),  to  end  mainly  in 
the  cortex  of  the  vermis  inferior.  On  the  way  collaterals  are 
given  oif  to  the  nucleus  N.  vestibuli  lateralis  (Deiters),  and  to 
the  cerebellar  nuclei,  especially  to  the  nuclei  fastigii. 

As  a  result  of  the  relative  .positions  of  the  two  nuclei,  the 
internal  arcuate  fibres  from  the  nucleus  funiculi  gracilis  are  to 
be  found  at  levels  farther  spinalward  than  those  containing  the 
arcuate  fibres  from  the  nucleus  funiculi  cuneati,  while,  on  the 
other  hand,  internal  arcuate  fibres  from  the  nucleus  funiculi 
cuneati  can  be  seen  at  levels  much  higher  up  than  those  in 
which  the  last  internal  arcuate  fibres  from  the  nucleus  funiculi 
gracilis  are  situated  (Fig.  380).  Miss  Florence  Sabin  finds  two 
main  masses  of  arcuates  connected  with  the  nuclei  funiculi  gra- 
cilis et  cuneati — (1)  a  lower  mass  probably  common  to  the  two 
nuclei,  but  mainly  arising  from  the  nucleus  funiculi  gracilis,  the 
majority  of  which  decussate  in  the  raphe  (Fig.  381),  a  distinct 
bundle,  however,  turning  forward  into  the  stratum  interolivare 
lemnisci  of  the  same  side,  and  (2)  an  upper  larger  mass  orig- 
inating from  the  anterior  half  of  the  nucleus  funiculi  cuneati, 
apparently  undergoing  complete  decussation  in  the  raphe  (Fig. 
380).  Between  these  two  masses  of  arcuates  is  an  area  of  con- 
siderable widtli,  corresponding  to  the  posterior  half  of  the  nu- 
cleus funiculi  cuneati,  in  which  no  distinct  bundles  of  arcuate 
fibres  can  be  made  out. 

The  developmental  method  has  thrown  much  light  upon 
the  distribution  of  the  axones  from  these  two  nuclei.  The 
study  of  them  is  rendered  easier  by  the  fact  that  the  axones 
from  the  nucleus  funiculi  cuneati  become  medullated  some 
time  before  those  from  the  nucleus  funiculi  gracilis.  The 
former  are  already  medullated  in  the  human  foetus  30  cm. 
long,  while  the  latter  receive  their  myelin  sheaths  first  when 
the  foetus  has  attained  a  lencrth  of  from  35  to  38  cm.  It  is 
possible,  therefore,  to  follow  the  course  of  the  fibres  upward 
separately.      Without   going    into    the    details,*    it    may    be 

*  For  these  the  reader  is  referred  to  the  large  monograph  on  eonduction 
paths  published  by  P.  Fleclisig  in  1876,  to  his  Plan  des  menschlichen  Ge- 
hims,  Leipz.  (1883),  and  his  articles  in  Neurol.  Centralbl.,  Leipz.,  Bd.  iv(1885). 
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stateii  in  general  that  these  studies  have  shown  that  the 
internal  arcuate  fibres  from  the  nucleus  funiculi  cuneati, 
after  having  crossed  in  the  raphe,  run  oerebralward  in  the  more 
dorsal  portion  of  the  stratum  interolivare  lemnisci  to  form  in 
the  pons  the  more  lateral  portions  of  the  lemniscus  medialis. 
A  part  of  these  fibres  at  the  level  of  the  inferior  colliculus  of  the 
corpora  quadrigemina  pass  dorsalward,  according  to  von  Bech- 
terew,  to  enter  the  region  which  he  designates  as  the  corpus 
parabigeminum,*  some  of  them  going  on  to  the  superior  collic- 
ulus, apparently  to  terminate  in  these  gray  masses.  The  ma- 
jority of  the  fibres,  however,  do  not  go  so  far  dorsalward,  but 
passing  somewhat  laterally,  on  account  of  the  red  nucleus, 
above  this  body,  turn  still  more  laterally  to  become  connected, 
most  probably,  as  we  shall  see  later,  mainly  with  the  ventro- 
lateral group  of  nuclei  in  the  optic  thalamus,  but  partly  with 
the  nucleus  hypothalamicus  (Luysi),  and  partly  with  the  nucleus 
lentiformis  of  the  same  side  and  of  the  opposite  side.  The 
point  of  importance  to  remember  at  this  stage  in  our  descrip- 
tion is  that  the  majority  of  the  fibres  of  this  portion  of  the 
medial  lemniscus  extend  through  the  cerebral  peduncle,  by  way 
of  the  tegnientum,  into  the  hypothalamic  region. 

The  fibres  from  the  nucleus  funiculi  gracilis  occupy  in  the 
stratum  interolivare  lemnisci  a  region  rather  more  medially 


S.  97,  and  IVl.  v  (1886),  S.  540  :  and  also  to  the  following  publications  V>y  W. 
von  Bechterew :  (1)  Die  [jeitungnbahnen  im  Gehim  und  Rnckonmark,  [jcipz. 
(1894),  also  II  Aufl.  (1809);  (2)  UeVier  die  hintercn  \Viirz(*ln,  den  Ort  ihror 
Endigang  in  der  grauen  RQckenmarksiibstanz  und  ihre  cent  rale  Fortset- 
zung.  Arch.  f.  Anat.  u.  Physiol..  Anat.  Abth..  \Mpz.  (1K87).  S.  126-136. 
Ueber  die  Schlcifenschicht  auf  Grund  der  Resultate  von  nach  der  entwick- 
elungsgeschichtlichen  Methode  ausgefQhrten  rntersuchungen.  An-h.  f. 
Anat.  u.  Physiol.,  Anat.  Abth.,  Ixiipz.  0805).  S.  371M505.  The  valuable 
studies  of  inyelinization  by  L.  I'Minger:  Zur  Kcnntniss  dtrs  Vcrluufes  der 
Hinterstrsngfasern  in  der  MfduUa  oblonpita  und  im  hintoron  Klein- 
schenkel.  Neurol.  C'entralbl.,  I^ipz.,  B<1.  iii  (18X5),  S.  73-76:  of  A.  Bruce: 
Illustrations  of  the  Nerve  Tracts  in  the  Mid- and  Flind-Hrain.  etc.,  K<linb. 
and  Lond.  (1892):  of  L.  O.  Darkschewitsch*  and  S.  FnMid:  V*-\ht  die 
Beziehung  dcs  Strickkoriwrs  zum  FIinter*trang  und  Hinti-rstranKkcni, 
nebst  Bemerkungen  ueber  zwei  Feldcr  der  Oblongata.  N«Mjn»l.  <  Vntrulbl., 
lieipz..  B*1.  T  (1886).  S.  121-120;  and  of  A.  Cramor:  BeitnU'i-  zur  fiinenn 
Anatomie  der  Medulla  oblon^ta,  der  Bnlcke.  etc.,  .Ji-na.  1H04,  •should  h1s<» 
be  consulted. 

•  I  hare  not  been  aVde  to  fsnijsfactorily  locate  this  Vxxiy,  n«>twithstaiiding 
careful  study  of  the  serial  sections. 
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and  ventrally  situated  than  those  from  the  nucleus  funiculi 
cuneati,  though  it  would  appear  that  no  sharp  line  of  division 
can  be  drawn  between  them,  the  fibres  of  the  two  systems  inter- 
mixing,  especially  at  higher  levels.  A  little  higher  up  a  portion 
of  these  fibres  terminate  apparently  in  the  so-called  "nuclei 
reticulares  tegmenti  pontis,"  those  masses  of  gray  matter  situ- 
ated near  the  raphe  in  the  most  ventral  portions  of  the  j)ars 
dorsalis  pontis.  The  majority  of  the  fibres,  however,  are  con- 
tinued through  the  pons  as  the  more  medial  portions  of  the 
lemniscus  medialis.*  In  the  tegmental  portion  of  the  cerebral 
peduncle  these  fibres  lie  medial  and  ventral  to  the  bundle  from 
the  nucleus  funiculi  cuneati ;  the  medial  lemniscus,  made  up 
largely  of  the  bundles  from  the  two  nuclei  of  the  dorsal  funiculi 
in  this  region,  assumes,  therefore,  a  sickle-shape.  The  fibres 
from  the  nucleus  funiculi  gracilis  pass  on  through  the  tegmen- 
tum of  the  cerebral  peduncle  to  the  diencephalon,  where,  as  will 
be  pointed  out  later,  the  majority  of  them  probably  terminate  by 
end-ramifications  in  the  ventro-lateral  regions  of  the  thalamus. 
Von  Bechterew's  scheme  of  the  axones  passing  out  of  the  nuclei 
of  the  dorsal  funiculi  is  reproduced  in  Fig.  382. 

Studies  by  the  method  of  Marchi,  after  destruction  of  the 
nuclei  funiculi  gracilis  et  cuneati  in  animals  (Singer  and  Miin- 
zer,  Ferrier  and  Turner,  F.  AV.  Mott,  A.  Tschermak),  have  shown 
that  while  the  majority  of  the  fibres  extend  forward  as  far  as 
the  thalamus,  many  of  them  terminate  in  the  gray  masses  on 
the  way  (formatio  reticularis  grisea,  nuclei  pontis,  colliculi  of 
corpora  quadrigemina). 

Singer  and  Munzer,t  experimenting  upon  cats,  destroyed 
the  spinal  extremity  of  the  nucleus  funiculi  cuneati  on  one  side, 
and  studied  the  ascending  degeneration  with  the  delicate 
method  of  Marchi.  They  found  degeneration  of  the  myelin 
sheaths  of  the  fibrae  arcuataB  intemaB,  corresponding  to  this 
part  of  Burdach's  nucleus,  and  were  able  to  follow  the  fibres 
across  the  raphe  into  the  ventral  part  of  the  stratum  inter- 


*  The  ?nost  medial  bundles  in  the  region  of  the  lemniscus  are  made  up 
in  all  probability  not  of  centripetal  but  of  centrifugal  fibres.  They  become 
medullated  much  later  than  the  rest  of  the  fibres  of  the  lemniscus.  The 
nature  of  these  fibres  will  be  discussed  in  connection  with  those  of  the  lem- 
niscus mcdinlis  in  general  further  on. 

f  Singer,  J.,  u.  E.  MQnzer.  Denkschr.  d.  Akad.  d.  Wissensch.,  Wien, 
Math.-naturw.  CL,  Bd.  Ivii  (1890),  S.  569. 
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Fig.  3H2.— Thi-  <i<urv  "if 

the  aI•■IK'^rl  fniin  tlll'  lllir  lii 

■■f  till- (liinvl  funii-uli  in  ili>- 
la-niuiM'aii  anil  lu  ihi-  i-nr- 
IHU  mtifuniK,  ■rbi-iuiiijrxl  - 
\y  TeureMmted.  (Alb-r  W. 
vim  BecliUrn^,  IHc  Ij-i- 
laiitbilsliiKn  iinfii-Liniuiiil 
tCui-ki'titiurk.  II.  Aun.. 
I.ripx..  l<ie».  S.  233.  Kiu 
319.:     r.  oirt.-!  i.f  uBiliiim: 


•dlnri-  •ai*ri-ir :  I'///.  : 
rlMi.  urrri  r>rbl>v  •. 
tnli-:  «.  nqirl-v  -:i:, 
mfcrV'T:  ■»«.  i»ii«*^:- (  . : 
ull  blrfBiU  i*-&tTaI> : 
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olivare  lemniBci  of  the  opposite  side.     The  fibres  here  assumed 
H  longitudinal  direction,  and  could  be  followed  through  the 


Flii.  3^1— -\  Imnsvi'rw  ^-yliim  i.f  the  mf^iilln  n(  the  InwiT  cm!  <if  the  nui'lciw 

iiiU'ii'UA  riiiiii'iil'i  unii-iliN.  lARcr  KcrraTanil  TuniiT.  I'bi).  Tr.,  Lrniil.,  vill! 
dixxv.  ISM,  It.  III.  IxvUl,  Kill.  S.)  .V.B.rf..  TFiitral  fxtrrmlbr  of  the  nuclf  uh 
riiiiii'iili  KrHi'iliH:  (.it^..  Iliinp  Hrriutu-  inteiTHP,  di'Rvltvnitcd  un  thi-  Miiic  iif 
till'  lii'iiin ;  i.*.,  Htraliini  IntiTiilimn*  Irmniwi :  i.N.ra.,  nnclfii*  funiculi 
I'UiiiiKi.  iMn  miiliuliit ;  r.n.rN..  niicliiiit  fiinliiil)  mDCati.  pare  fatnalu :  m.aj., 
nii'MIt'  HniluU'  lllinN  in  imrt  lUio-Ticnttiil  mi  mAv  of  Imiun ;  lo..  uui-Icuh 
■ilivuris  iiifcriiir:    I'.im.,  tnii'tiii' H|iiiui1iii  N.  triKi'niiiii ;  P^.  iiyrumis. 

lemniM'Us  nKHliulid  tie  far  an  the  li yiiotbuliimic  region  and  ventro- 
hitend  [jurt  of  the  thiiltimus.  Farther  than  thig  they  were 
uniibli-  to  tract.'  degcnoratod  fibres. 

Kurrier  iind  Turner*  destroyed  the  nucleus  funiculi  gracilis, 

•  F.rricr,  I>.,  nml  W.  \.  Tiinipr.  A  Record  of  Experiments  Illii^tnitii-c 
of  llif  Sj-iii|jii.iLiiit<ilii!iv  nnil  DcRPiiemtioiis  following  Ijcsions  of  thcCere- 
Wluiii,  I'tr'.  I*liil.  Tr..  I..in.l„  i-..l.  cIxmit  for  1H1M  (H)  (IMB).  pp.  T5.V781. 
—  Al«i,  All  KM]wriiii.-ii[.il  KfsfBn-h  ii|kiii  ( Virbni-r.irticitl  ACennt  and 
KlTereiit  Truils.     I'hil.  Tr..  I.«nd.,  vol.  t-xc  {Wlti).  p|i.  1-14. 
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or  the  nacleua  funiculi  caneati,  on  one  side,  in  the  monkey, 
with  the  aid  of  the  galya no-cautery,  and  studied  the  ascending 
degeneration  vith  Marchi'e  method  and  Wcigert's  method- 
They  obtained  always  degeneration  in  the  corpus  reatiforme  on 
the  side  of  lesion,  but  failed  to  produce  degeneration  in  the 
ume  handle  on  the  side  opposite  to  the  lesion.  They  studied 
also  the  degenerations  in  the  fibr%  arcuatse  internee  of  the  same 
side,  and  in  the  lemniscus  medialis  of  the  opposite  side,  and 
showed  by  the  degeneration  method  that  tlio  fibres  from  the 
nucleus  funiculi  gracilis  go  to  the  ventral  part  of  the  opposite 
lemniscus  medialis  (Figs.  38'i  and  384),  while  tliose  from  the 


Fm,  3W.— Trsrwvi „ 

fntiiling  wimiwliHt  liiiilii-r  iiii.     1  Ai'lrr  I'lrriiT  ;iii<l  Tiirii(-r.  i^rif.,  |>l. 
if[.  0. 1     U'ttorliiK  •>'  ill  Ilx'  imr't'iliiii:  lit:i]r<'. 

niiclena  funiculi  cuneati  go  to  the  dorsiil  piirt  of  the  samt'  fibre- 
mass.  The  latter  relation  is  well  shown  iii  Fig.  3ft.5,  wliich 
represents  a  section  utiiincd  tjy  Weigcrt's  method  from  11  (^ase 
in  which  Ferrier  and  Tunier  liiid  cut  tlie  i.orpus  rcstiformc  and 
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destroyed  tho  nucleus  funiculi  cuneati  [  Ihirdachi]  on  one  side. 
They  could  not  trace  degenerated  fibres  beyond  the  thalunius. 


...     nvtif'iriiK'. 
r.  l-hiLTr-.l^uiil.. 


rii.  ^sTi.— A  rriiiit:i1  si'ctiiiii  llirmiKli  llu>  rliiinilH-nci-phulon  ■• 
ilt'>irii<'rii>ii  i-r  th(-  iiiirliiis  riiiii<-iili  (uiimli  uii>l  u(  Dh-  •■• 
Si:iiii<nu  l>y  Wi'iwrt's HH'llniil.  {Attn  Kcrrii-r miii  TiinuT 
V..I.  i-lxxxv.  mil,  ».,  III.  iKlx.  FIk-  3. 1  m/.  li-uiniwilN  iikhIIb  .  ..  . 
ill  it-  (kinul  iHiTtiiiii.  In  the  n-n-lH'1liim  iin  the  riphi  Hide  of  the  figuifft  Ihdk-. 
fiiii.nlm|)cd  M-lcTiHiI  arm  t  n.r.l.  i.  riimii-d  rlifi-Sy  )iy  the  dim't  Blim)  ftimi  tbi- 
tiiifii'iiH  fiiiiii-iili  i-niHttti.  is  iilwrvnhii- 1  inrinit  tn  tbt-  fiirt  tlMt  tbt-  niitifiimi 
ImtlywRHnliiniliTaiiiyril.  th<-iu'li-nMil  tna  iiititiilliit  in  Hililitiiin  filimt  fnini 
till-  iiiii'li-u«  niiik-iili  umrlliM  Hiirt  iVmii  the  Ginciriiluii  ivn-liflliv|iliwllit.  r.r.t, 
tRii'l  iN'twii'ii  llic  i>cn-lN-iliiiii  BDiI  Ih'iti-ni' iilirlcui':  I  im,  lisrtw  Kpinuli*  N. 
iriiti-iiiiiii.  ■Irm-iicRiti-'I  'III  tlif  li'tt  hIiIi-  iiwins  to  lai-tiiiii  i>f  the  lu-rvt-  lii-twii.-ii 
till' iRiTiuiii III  M-iiiiliiuiin- mill  tin-  iH>n>:  w.  iiupIiiik 


mN.  rucialis: 


".  Mott.*  ill  ii  most  convini'iiifi  series  of  experiments. 
s  thf  iiiiirse  "f  the  filire.-i  from  the  nucleus  funiculi 
et  <inn-iiti  throudi  the  intoniid  iinuates,  deeussntion 


r-ntwl  NVr 
Iil>.  l-2fl. 


,1  ?:ii<|iijrvii)>i<n  the  AffiTeiit  Tr«rt!  of  tin* 
■  M.itikey.    Bmiii.  Un.l..  vol.  sriii  (IfWif. 
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of  the  lemniscus,  interolivary  layers,  and  medial  lemniscns  as 
far  as  the  diencephalon.  He  followed  degenerated  fibres  in 
the  monkey  as  far  as  the  ventro-lateral  part  of  the  thalamuc, 
where  the  degeneration  appeared  to  cease. 

Tschermak  *  has  very  recently  attacked  the  problem  again 
in  Flechsig's  laboratory  at  Leipzig.  He  destroyed  tlie  nuclei 
of  the  dorsal  funiculi  on  one  side  in  three  cats,  and  studied 
the  degenerations  by  the  method  of  Marchi.  He  distinguishes 
four  neurone  systems,  the  perikaryons  and  dendrites  of  whicli 
are  situated  in  the  nuclei  of  the  dorsal  funiculi :  (I)  An  un- 
crossed system  from  the  nuclei  of  the  dorsal  funiculi  to  the 
cerebellum ;  (2)  a  crossing  system  from  the  nuclei  of  the  dor- 
sal funiculi  to  the  cerebellum ;  (3)  a  crossing  system  from  the 
nuclei  of  the  dorsal  funiculi  to  the  thalamus ;  and  (4)  a  cross- 
ing system  from  the  nuclei  of  the  dorsal  funiculi  to  the  cere- 
bral cortex,  t 

The  first  system  (uncrossed  system  from  the  nuclei  of  the 
dorsal  funiculi  to  the  cerebellum)  originates  mainly  in  the  pars 
lateralis  of  the  nucleus  funiculi  cuneati  [Hurdachi],  the  medul- 
lated  axones  passing  partly  as  fibras  arcuatas  externse  dorsales 
into  the  corpus  restiforme,  partly  directly  from  the  anterior 
extremity  of  the  nucleus  into  the  corpus  restiforme.  Col- 
laterals from  these  axones  are  given  off  to  Deiters'  nucleus 
in  passing.  Inside  the  cerebellum  where  the  fibres  of  the 
corpus  restiforme  divide  into  two  bundles — one  lateral,  tlie 
other  medial — the  fibres  of  the  svstem  under  consideration 
enter  the  medial  bundle  and  pass  tlirougli  it,  giving  off  col- 
laterals to  the  cerebellar  nuclei,  espe(;ially  to  tlie  nucleus 
fastigii  of  both  sides,  finally  terminating  in  tlie  vermis  inferior. 
This  neurone  system  behaves  much  like  the  uncrossed  dorso- 
lateral spino  -  cerebellar  system  (Flechsig's  direct  cerebellar 
tract,  the   fasciculus   spino -cerebellaris    dorso-lateralis),    and 

*  Tschermak,  A.  Ueber  den  centralen  Verlauf  der  aufstei^omlon  Hiiitcr- 
strangbahnen  und  deren  Beziehiinjron  zu  don  Balinon  iin  Vordrrseitenstrang. 
Arc-h.  f.  Anat.  u.  Physiol.,  Anat.  Abth..  Lcipz.  (1S08),  S.  291-400. 

t  The  German  terms  aro:  {\)  Dnn  ungfki'vvzte  Ifintfrstrnjifjkern-Klein' 
himsyatem  {ungekreuzte  dorsnie  XuchO'(WfhfUarsyHtfm):  (2)  Daf<  kreu- 
zende  ninterstrangkern-KlfinhiruHyHtem  {kn'uzmde  dorsale.  Xnrho-CWf- 
bellarsysiem):  (3  11.  4)  Die  Uidrn  krfuzfndtn  Ifintenffrnnf/krrn-O'roHS- 
himsysteme  iBinterstrangkern-Ifau/ifsrhleiftnsyMffm*'):  (.3)=  Am  TTintpr- 
^trangkerH'Sehhligehystem ;  (4)  =  Das  IliHterstranykvrn-Grosahirnrinden- 
syaiem. 
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accordingly  the  lateral  part  of  Biirdacli's  nucleus,  or  so-called 
nucleus  of  Blumenau,  presents  certain  analogies  with  the  nu- 
cleus dorsalis  (Clarke's  column)  of  the  spinal  cord,  a  point  to 
which  C.  S.  Sherrington,  and  also  Blumenau,  have  already 
called  attention. 

The  second  system  (crossing  system  from  the  nuclei  of  the 
dorsal  funiculi  to  the  cerebellum)  originates  mainly  in  the 
nucleus  funiculi  gracilis  [(rolli],  but  also  in  part  from  the  pars 
medialis  of  the  nucleus  funiculi  cuneati  [Burdachi].  The  medul- 
lated  axones  run  as  fibree  arcuatae  internaB  to  the  raphe,  mixed 
vnt\\  similar  arcuate  fibres  of  the  third  and  fourth  systems.  Hav- 
ing arrived  in  tlie  stratum  interolivare  lemnisci  of  the  opposite 
side,  the  medullated  axones  of  the  second  system  run  between 
the  pyramis  and  the  nucleus  olivaris  inferior,  thence  along  the 
ventro-lateral  periphery  of  the  medulla  in  the  fibr»  circuni- 
olivares,  partly  around,  and  partly  through  the  nuclei  funiculi 
lateralis,  to  reach  the  area  in  which  are  situated  the  fibres  of 
the  fasciculus  spino-cerebellaris  dorso-lateralis  (direct  cerebellar 
tract).  Mixed  with  the  fibres  of  the  latter,  the  fibres  of  tlie 
system  we  are  considering  enter  the  medial  half  of  that  bundle, 
lateral  from  the  tractus  spinalis  nervi  trigemini,  which,  head- 
ward,  grows  so  rapidly  in  volume,  and  further  on  the  fibres  are 
situated  in  the  medio-ventral  part  of  the  corpus  restiforme. 
After  giving  off  collaterals  to  Deiters'  nucleus,  the  fibres  of  this 
system  enter  the  lateral  bundle  (of  the  two  fasciculi  into  which 
the  corpus  restiforme  divides),  give  off  collaterals  to  the  nucleus 
dentatus,  and  ultimately  terminate  in  the  cortex  of  the  vermis 
superior,  chiefly  on  the  corresponding  side,  but  partly  by  way  of 
the  superior  cerebellar  decussation  in  the  cerebellar  cortex  of 
the  opposite  side. 

Tlie  third  system  (crossing  system  from  the  nuclei  of  the 
dorsal  funiculi  to  the  thalamus)  and  the  fourth  system  (cross- 
ing system  from  the  nuclei  of  tlie  dorsal  funiculi  to  the 
cerebral  cortex),  as  described  by  Tschermak,  will  be  consid- 
ered a  little  further  on,  when  the  lemniscus  medialis  is  dis- 
cussed more  in  detail  (Chap.  XLVTT).  In  the  same  place  the 
results  of  the  studies  of  human  pathological  cases  will  be 
taken  up. 

The  method  of  Oolgi  has  afforded  interesting  results,  espe- 
cially concerning  the  collaterals  of  the  neurone  systems  originat- 
ing in  the  nuclei  of  the  dorsal  funiculi.     The  work  thus  far  with 
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this  procedure  has  been  done  by  Held,*  v.  K6lliker,t  Ramon  y 
Cajal4  and  Blumenau.^  The  collaterals  from  the  axones  of  the 
neurone  systems  on  the  way  to  the  cerebellum  have  been  re- 
ferred to  above.  Still  more  interesting  are  the  findings  regard- 
ing the  collaterals  from  the  axones  of  the  neurone  systems 
pertaining  to  the  lemniscus  medialis.  Thus  from  the  fibrte 
arcuatse  internae,  before  reaching  the  decussatio  lemniscorum, 
there  are  collaterals  given  off  to  the  nucleus  N.  hypoglossi,  and 
to  the  formatio  reticularis  grisea  (in  this  region  represented  by 
the  nucleus  centralis  inferior  Flechsigi  and  the  nucleus  lateralis 
inferior  Flechsigi).  On  the  far  side  of  the  raplie  where  the 
medulla  ted  axones  run  in  the  stratum  interolivare  lemnisci, 
long  collaterals  are  given  off  which  pass  chiefly  by  way  of  the 
hilus  into  the  cavity  of  the  nucleus  olivaris  inferior  to  termi- 
nate in  among  the  perikaryons  and  dendrites  situated  in  the 
much  wrinkled  gray  capsule  which  this  body  represents.  Pass- 
ing head  ward,  the  main  axones  enter  the  lemniscus  medialis, 
arriving  there  by  plunging  througli  between  the  transverse 
fibres  of  the  corpus  trapezoideum,  and  then  follow  the  course 
of  the  lemniscus,  many  fibres  going  as  far  as  the  diencephalon. 
In  the  pons  where  the  lemniscus  medialis  forms  the  floor  of  the 
pars  dorsalis  pontis,  large  numbers  of  collaterals  are  given  off 
to  the  adjacent  masses  of  gray  matter.  Among  these  may  be 
mentioned  (1)  collaterals  to  the  nucleus  centralis  medius,| 
especially  to  its  ventral  part ;  and  (2)  collaterals  to  the  nuclei 
pontis,  those  large  masses  of  substantia  grisea  situated  among 


*  Held,  H.  BeitHlge  zur  feinereii  Anatoinie  dos  Kleinhims  und  des 
nimstammes.  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Loipz.  (1893),  S. 
435-446. 

f  V.  KdlHker,  A.  Handbiich  der  Gewebelehre  des  Menschen,  6.  Aufl., 
Leipz.  (1896). 

X  Ramon  y  Cajal,  S.  BeitrSge  zum  Studium  der  Medulla  oblongata,  etc. 
Dentiiche  TJebersetz.  von  Bresler,  Leipz.  (1890). 

*  Bluroenau.  Des  noyaux  du  cordon  posterieiir  et  la  sul^stance  de 
Rolando  dans  la  bulbe.    Neurol.  Centralbl.,  Leipz..  Bil.  xv  (1896).  S.  1129. 

I  This  nucleus,  so  designated  by  P.  Fleohsig,  appears  to  correspond  to 
W.  T.  Bechterew's  Nudeiia  reticularis  tegmenti  ponfta;  the  latter  author 
separates  the  ventral  portion  of  the  nucleus,  that  resting  directly  upon 
or  even  penetrating  among  the  fibres  of  the  medial  lemniscus,  from  the 
main  mass,  and  calls  it  the  medialer  Schleifenkem,  to  distinguish  it  from 
the  more  laterally  placed  nucleus  lemnisci  lateralis,  or  hiteraler  Srhleifen- 
Jcem, 
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the  fasciculi  longitudinales  and  fibne  transTersie  in  the  pars 
bagitaris  pontis  (Fig.  386). 


... —A.  transTcrec  section  throUBh  the  poeterior  half  of  the  pmu.     Tbe  left 

half  uf  Ihr  illuxtmtiuii  rucrenponds  tu  the  anteriur,  the  right  half  to  the  pos- 
terior pnrlioii  lit  the  poiM.  ( After  W.  von  Bei'literew,  ISM.  sotDewhrnt  modi- 
fied.)  .V'l.cx..  uiii'leiis  eentialia  superiur;  .Vh.J.I.,  nacleus  lemniaci  lateralis; 
.Vm.b.j.,  nucleus  iilii-nris  Biiperior;  Sn-p..  nuclei  pontiB :  A'n.r.t.,  nucleus 
relleularia  iTRmenti :  .V.  I'.,  radix  N.  trigemini ;  R.d.».  V.,  radii 


GROUPING  AND  CHAINING  TOGETHER  OF  NEURONES.      579 

In  the  mesencephalon  collateral  branches  (and  possibly  ter- 
minals of  stem  axones  also)  go  from  the  axones  of  the  lemniscus 
medialis  to  (1)  the  nucleus  colliculi  inferioris,  (2)  the  strata 
grisea  colliculi  superioris,  (3)  the  nucleus  lateralis  superior 
Flechsigi,  (4)  the  nucleus  centralis  superior,  (5)  the  nucleus 
commissurse  posterioris  {obere  Oculomotor iuskern  of  Darksche- 
witsch),  (6)  the  stratum  griseum  centrale  (centrale  Hdhleii- 
grau)^  and  (7)  the  substantia  nigra. 

(mefieDcephalica)  nc;rvi  trigemini ;  f^.gr.c,  stratum  griHi'um  centrale.  Red— 
1,1,  fibres  of  the  lemniscus  medialis  piMtuining  to  the  nucleus  funiculi  cuneati ; 
10,  scattered  bundles  in  the  lemniscus  medialis ;  17,  region  of  scattered  fibres 
which  develop  late  in  the  lateral  field  of  the  formatio  reticularis ;  19,  lem- 
nist^us  lateralis.  Yellow — 10,  fibres  of  lemniscus  mi'dialis  originating  in 
nucleus  funiculi  gracilis  ;  Si,  fibres  from  the  region  of  the  colliculus  inferior 
t4i  the  nucleus  reticularis  tegnienti  and  to  the  pons.  Violet— S5,  fibres  of 
fasciculus  centralis  tegmenti  (centrale  Haubenbahn) ;  24,  fibres  (Missing  by 
the  raphe  from  the  nuclei  pontis  to  the  fonuatio  reticularis  grisea  ;  SH,  fibres 
of  the  spinal  bundle  (von  Bechterew)  of  the  brachium  pontis ;  45,  ,i9,  4;i,  dif- 
ferent bundles  in  the  brachium  coi\junctivum.  Blue — 4,  fasciculi  longi- 
tudinales  (pyramidales)  |  i^,  fibres  of  medial  accessory  bundle  in  lemniscus 
medialis  (to  motor  nuclei  of  cerebral  nerves) ;  46,  fibres  of  cerebral  bundle  of 
brachium  p<mti8 ;  60,  frontal  cerebrocorticop<»ntal  path  ;  51,  tc^mporo- occipital 
cerebrocorticopontal  path.  Oreen — 0,  fasciculus  longitudinalis  medialis;  8, 
fibres  which  represent  the  pontal  continuation  of  the  fasciculus  lati^ralis  pro- 

Crius  of  the  spinal  cord ;  4^,  commissural  bundle  lying  vcntral^-ard  from  the 
rachium  co^junctivum. 
B,  transverse  section  through  the  brain  stem ;  level  of  pedunculi  cere- 
bri. The  right  half  illustrates  the  level  of  the  colliculus  inferior,  the 
left  half  that  of  the  colliculus  superior.  (After  W.  von  Becht**rew,  1804, 
somewhat  modified.)  Aq.e.,  aqueductus  cerebri;  Cp.m.,  corpus  gcnicula- 
turn  mediate;  Cut.,  corpus  mammillare;  C.h.,  colliculus  superior;  N.I\\ 
radix  N.  trochlearis;  Nn.c.i.,  nucleus  colliculi  inferioris;  Nu.f.l.m.,  nu- 
cleus fasciculi  longitudinalis  medialis  or  nucleus  commissune  posterioris 
{obererOatlomotoriutkern  of  Darkschewitsch ) ;  Nu.l.L,  von  EUn^hterew's  Cor- 
pus pardbigeminum ;  Xu.l.H.,  nucleus  lateralis  superior  of  Flechsig  iuucleitif 
tnnominaiua  of  von  Bechterew);  yu.n.III,  nucleus  nervi  (K:ulomotorii ; 
Nn.r.,  nucleus  ruber ;  Kn.,  sul)stantia  nigra ;  St.gr.c,  stratum  grisi'um 
centrale.  Red — 19,  fibres  of  lemniscus  lateralis  which  enter  colliculus  in- 
ferior: 29,  fibres  of  brachium  quudrigeminum  inferius  from  the  colliculus 
inferior  of  the  same  and  of  the  oppi«ite  side  ;  iJi,  fibres  of  the  lemniscus 
medialis  originating  in  the  nucleus  funiculi  cuneati ;  i.^',  fibws  of  the  lem- 
niscus medialis  going  to  the  corpora  quadrigemina  ;  10^,  st-attereil  bundles  <»f 
the  lemniscus  which  go  over  into  the  b:isis  pedunculi  ;  1?,  n'gion  of  the  scat- 
tend  fibres  (late  to  develop)  of  the  formatio  reticularis.  VeUow — Ui,  fibres 
of  lemniscus  medialis  from  the  nucleus  funiculi  gracilis:  :^S,  fibres  from  the 
nucleus  colliculi  inferioris  to  the  thalamus  (according  to  von  Bechten'W); 
sa,  fibres  from  the  colliculus  suiK'rior  to  the  cerebral  cortex.  Violet — ,iU,  42, 
45,  fibres  of  the  brachium  conjunctivum  before  their  entrance  into  the  red 
nucleus ;  47,  48,  fibres  from  the  nnl  nucleus  to  the  nu<!leu8  lentiformis,  the 
thalamns,  andthecerc^bral  cortex  (these  are  the  radiations  of  the  red  nu<'leus) ; 
35,  fibres  of  the  &8ciculus  centralis  tegni(?nti  i  centrale  Jfanbenhahn  \  (ireen — 
9,  fasciculus  longitudinalis  meilialis ;  .V/,  fibres  of  the  dorsal  juirt  of  the  com- 
misfiura  posterior;  31',  fibres  of  the  ventral  i>art  of  the  comuuKsum  posteri«>r; 
S7,  fiMciculus  rotroflexus  Meynerti :  .*A  fasciculus  thalumomammillaris  i  Vicq 
d'Azjrri ) ;  £5',  &sciculU8  pe<lunculomammillaris  pars  basilaris  (peduiiculus 
corporis  mammillaris) ;  58,  fibres  from  the  sul>stantia  gristMi  of  the  colliculus 
superior  to  the  re^on  of  the  nucleus  ruber  of  tlie  o])p<»site  side.  Blue — 4, 
fasciculi  longitudinalesj  f  pyramidales ) :  50,  fibres  «if  fnmtal  cen^brm-orti- 
copontal  path  (medial  bundle  in  basis  pedunculi  >;  51,  fibn's  of  occipito- 
temporal cerebrocorticopontal  path  (lateral  bundle  in  basis  ]K'dunculit;  26, 
fibres  of  the  accessory  bundle  of  the  lemniscus ;  26',  lihrvs  connecting  the 
Bubetantia  nigra  with  the  cerebral  hemispheres. 


CHAPTER   XL. 

THE  NUCLEUS   DORSALIS   AXD   THE  ARCEyDINO    DORSO-LATERAL 

SPINOCEREBELLAR   NEURONE   SYSTEM. 

CUrke*s  column  or  the  nucleus  dorsalis — Perikaryons  and  dendrites — Axones 
of  direct  cerebellar  tract — Myelinization — Kelation  to  corpus  restiforme 
— Terroinations  in  cerebellum — Collaterals  to  nucleus  dentatus. 

{ad  b)  AVe  have  seen  that  coUaterals  and  terminals  from  a 
certain  definite  region  of  the  dorsal  funiculi  of  the  spinal  cord, 
namely,  those  from  the  middle  area  of  the  fasciculus  cuneatus 
(part  of  Fleschsig's  middle  root  zone),  enter  and  terminate  in 
the  nucleus  dorsalis  (Clarkii,  Stillingi).  This  longitudinal 
column,  described  by  Lockhart  Clarke  *  as  tlie  "  posterior  vesic- 
ular column,"  and  called  "  Clarke's  column  "  by  von  Kolliker, 
seen  in  cross  section  of  the  thoracic  spinal  cord  on  the  medial 
side  of  the  neck  of  the  dorsal  liorn  of  gray  matter  on  each  side, 
extends  uninterruptedly  from  the  level  of  the  third  lumbar 
nerve  below  to  that  of  the  seventh  cervical  nerve  above  (Fig. 
387,  C  and  D).  Corresponding  masses,  separated  from  the  main 
column,  are  found  in  the  sacral  and  cervical  regions ;  that  in 
the  sacral  cord  is  situated  at  the  level  of  origin  of  the  second 
and  third  sacral  nerves,  and  is  known  as  tlie  ''  sacral  nucleus  " 
of  Stilling.f  The  "  cervical  nucleus  "  is  situated  at  the  level 
of  the  third  and  fourth  cer>ncal  nerves.  In  many  respects  the 
pars  lateralis  of  the  nucleus  funiculi  cuneati,  or  Blumenan's  nu- 
cleus in  the  medulla,  corresponds  to  the  nucleus  dorsalis  of  the 
spinal  cord. 

In  the  nucleus  dorsalis  are  situated  rather  large  multi- 
polar cells  with    numerous   much-branching  dendrites    (Fig. 


•  aarke,  J.  L.    Phil.  Tr..  Loud.  (IH51).  Pt.  IT. 

f  Stillinfi:,  B.    Neue  Untersuchungeu  ueber  den  feinoren  Ban  ties  RUck- 
-emnarks.    Cassel  (1859),  4to. 
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388).  Ramon  y  Cajal  and  von  LenhoBsok  divide  the  cells  in 
this  nucleus,  the  majority  of  which  are  multipolar,  into  two 
groups — (1)    stellate   or    polygonal ;    (2)    spindle-shaped    ele- 


Fi«.  3NT.— Cmte  Mrtiuiui  thr»Uf[h  the  human  npinal  rati.  shunM  with  cannin«. 
(AfliT  II.  OlH-nti'lliiT,  AnlrituiiK  btlni  Stuilium  d(«  Banm  ilpr  nervnern 
('I'liltnliirKiiiit  imiiiiuinilt'uund  krnnki-n  Zuiitiindi.>.  III.  AuS..  Lripc  u.  Wipn. 
irm,  S.  SSn.  Fm.  Ba-ioa.l  a,  tmixvi^m'  n-t-tiim  at  the  level  of  C  iii :  (to. 
CuniniiwiiTH  Kiwai  Ap,  npei  i-uluiuun-  duTmliit;  (ki,  conimiwara  rentralis 
iilhu:  Cr,  calutliH  ivlitmlii';  Cm,  ciinimin8ura  medullie  HpinBlis;  (Vb,  iiiniu 
vfii(mli»:  (Va.  ivinu  diinciliH:  F»a.  fUuiiiiluH  Tentralb':  AS.  back'uluH 
(iiiHiituii  Biinlarhi :  F^O.  bM'ii-nluH  jnneilU  <iulli :  PhI,  fUnii'ulus  lateralix ; 
/Wm.  Himini  nHiliaua  ventmlU;  /Wu.  Miii'mi  medianng  duraalis:  t  tnu-tus 
Hilltatlus ;  fV.  fiiniultiti  tvtirnlaris :  Kit.  radix  ventialU ;  Rp.  radix  doraallii ; 
■'^.  MihHiantiii  KclatiniHi  Rolundi :  itil,  sulruH  lateiulis  clunalis  :  timd.  neptum 
nmlUtuuni  di>n«k':  .■>>il.  wptnm  Intfmiediiim  dunale:  Til.  tnctoa  inter- 
iiieiliu  laterallK.  K.  iTHiifvcnie  Bn-tiiiQ  at  the  lerel  uf  V  vi ;  Prm,  procoKUH 
HTviculi*  nttiliiiH  mniu  ri'ninilis :  Til,  ralunina  intirnicdia-lmtrialia.  (', 
Intn^vciMe  ?ititii>n  at  rhe  levH  I'f  T  iii :  {"CI.  nucleus  durmlis  (tarkii.  D, 
tniiiKVt'tK'  nt'tiun  at  (he  level  of  T  xii :  CCl.  nuvleun  duiwliit.  E.  transveiw 
N'Ttiim  at  the  level  of  I.  T  :  M.  mnlini  (t'11  Rniuii  <if  the  eiimu  veDtnlU ;  tr. 
lali'Ril  veiilRil.  M.  liileRil  iIdtxiI.  Hnil  r.  rentrsl  evil  finaia,  F.  I 
M.i-ti<>ii  at  tile  leivl  uf  S  iii ;  h.  medJHl.  M.  latvral-donal  c<ell  Krimp. 
tnln^Vl-rM■  myHoii  Ihinutih  the  tiiwrr  iiurt  <>f  the  cuolu  meduliarw  ai 
U'vUofotiKinoftht'  N.  i-iHi-j-mua. 


HRUl'PISli   AND   UHAINlXCi   TOGETHER   OF   SKUROSFA      .-,(j3 

iiieiitB.  Mana  *  has  reconstructt-'d  t^xiiinplog  of  the  ucrvu  vhWa 
of  this  iiiK^cua,  one  thousand  tinn?a  i-nlarged.  lie  ussfrts  that 
the  ct'llrt  are  essentially  bijHdar  (in  agroemont  witii  ilott),  and 
that  they  send  one  axis  cylinder  upward,  tliu  othtT  downward. 


Fig.  3Si«.— Xi.r\ij  cell  tmin  tht  iiuc>lcii«  dnrsalts  .if  h  liiiruni  niilirj-c.  33  c'lii.  liiiij(. 
Mi'tlx-I  »f  Oulfti.  lAntr  M.  vi.ii  Utiluiwh.  Ih'r  Miun^  Ibiii  <l<i>  Xirvrii- 
..vsuni*.  Ml-.,  BiTl..  II.  Aiifl..  ISIO.  S.  WT.  Vin.  S3.>  Tli.-  aii.iii-  ..C  ih.-  nil 
i'hi>wn  at  the  upiirr  left  or  llKiin>  )h-<miiiii-s  lhi>  axbi  cyliiuli't  'if  n  iiu'ilullaliil 
fibre  ufthc  tuacivaluJi<;iTi-lH-ilci-si>iiiHlii<  >ur<lint-t  ii-rcU'llar  tnu't^. 

The  axoiies  of  most  of  the  cells  situated  lieiv  [taas  out,  tlmujrli 
sometimes  rather  indirectly,  to  the  fasciculus  ccrehclliKspiualirf 
(direct  cerebellar  tract  or  Khiiihini^eHi'tiKlriniijl"ihii  of  I'lecli- 
sip)  of  the  samp  side.  Flcchnig'st  studies  of  niyelinizntion 
(Fig.   38if),  and    those   of    M.>tt,t    and    especially   of    II.  T. 

•Mann.O.  Stnictimi  of  Non-<- fVlls  its  sliowii  l.y  \V,n;  M.*,i.-ls.  Itu- 
pnn  of  the  Siity-sixlh  Moeliiij;  i.f  tlip  Itrili^h  Ass.kiuli<.ii  fur  llii-  Athuiico- 
nient  of  Scienco.  hrl.l  nt  r,iver|i'i.il  in  1«II0.  p|).  !IMII-!W1. 

+  FTpchsiK.  P.  Die  l,pitiiii(rslmliTi.'n  jiii  (i.-l.ini  nii.l  liiU '1(011  n.Hrk,  \A\'-i.. 
(1876).  S.  3OT. 

X  Molt.  F.  W.  .Micn)w<.].iciil  Kx.iiiiiiiiiiiMii  i,f  Cl.irko's  (■..Iniiiii  iu  Man. 
the  Monkev,  and  the  Dog.    J.  Atml.  an.l  I'hysi..!..  I,<.mi..  v..l.  x\ii  (1H,s7--hM|, 
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Patrick  *  on  secondary  degenerations,  made  it  almost  certain 
that  the  axonea  of  the  cells  of  the  nucleus  dorsalis  pass  upward 
in  this  tract.     The  actual  proof  of  this  has,  it  is  said,  been  fur- 

FitnirulU4  lattralii 

"  """"  f,'.UtmHU.>-laleralii. 


Fill,  awl.— Kn. II  til  I  loiijijiiiilinul  siTti.mat  thi- junnion  of  the  pan  thiiratnli<i  anil 
|urs  luiiilulis  iir  Ihi-  s|>inul  i'i<nl.  illiistrutiiiic  the  n-liilii>ii  ut  tht'  iiiirU'iis  dnr- 
mli*  li>  the  Gwimliii' npiiui-ivn-licllarixliiTKii-Iatrialis.  (.\ft(T  I*.  Flii-hHijc. 
Dii'  [A^ltuiijodiuhut'ii  iui  (Irliini  und  Rnckeniurb  ili'ii  MenHrhm.  ^tc.  Lciio:.. 
IhTK.  iiif.  xviii.  Ylg.  S.  i  i,  huiullr  tttan  the  nndiriM  <l«naliii  (o  (hi-  dini'l 
ii-n-lii'lbir  inu-l.  tlu'  hiirlxDntiil  dim-tluD  Iwlnjt  iiuiln(alii«I  nnlil  the  iinninri 
\nn  lit  I  lie  liilliT  in  n'uehrd  ;  r.  ftariralliH  rvrphriH^nHlia  btrralUi  d.  miI<- 
ftuiitu iiIIh  illniiiiiiK  layi-ri:  r,  miilnllatnl  aximii'  ttiaa  nndfUKdiinttllsii) 
liiM-iillliiK  s|>iiiiM..,.n'tii'luiriii  dinwi-lulcralLi  idinrt  nrclit'lliir  trai'tl :  r,  flhn- 
tukiiiit  u  sit'niikt'  iiiui^i'.  diMlhllvw  bcluiiKiniC  ti>  Ihi-  dirw-l  rerrhellar  tmi-i : 
:.  tihrc  huniUi-  nt  uiiiLsuul  cuunr  luwr  tm-  nuflca*  donalis :  )r.  flhrr  hiiiidU'* 
U'liirh  Ix-iiil  urmiiid  out  of  thv  ImlittiUlHl  dini'tiun  to  d<>sc«nil  limiritudiiiiiltv 
:ii:iTiin  .Lnihiriill. 

ni:^heil  l>_v  Laura.  The  »\ones  are  very  long,  running  the  whole 
U'ii;.'th  of  the  mpinal  cord  to  the  medulla,  whence  they  pass  hy 
w;iy  of  the  lorjiui!  restifornif  into  the  cerebellum.    The  fibres 

|i)>.  4T!>— i:*r>.— Tlip  Itipnliir  (Vlts  i>f  llio  Spinal  Cord  muI  theirCunncrtiniu. 
Briiiii.  I...IKL  T,.l.  xiii  il-'lNI).  pp.  J:!3-J48. 

■I'atrivk.   H.  T.     On   Ili.>  <-.>iir«   ami   lU-Miimtion   of  Gowers'  Trail. 
.1.  X.ri-.  aiL.l  Mi'in.  liis.X.  Y..  vt.l.  xxiii  ilSlWj.  pp.  M-IOT. 
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which  in  the  adult  are  of  a  very  large  calibre  become  medul- 
Uted  at  a  later  period  in  the  embryo  than  those  of  the  lateral 
groo&d  bundle. 

In  the  thoracic  cord  the  mednllated  azones  of  the  un- 
crossed dorao-latersl  apino-cerebellar  tract  which  we  are  here 
congidering  make  up  a  rather  narrow  stripe  at  the  periphery  of 
the  dorsal  half  of  the  lateral  funiculus.  They  thus  occupy  the 
region  between  the  lateral  pyramidal  tract  and  the  surface  of 
the  cord,  and  are  situated  dorBslly  as  regards  flowers'  tract 
(Fig.  390).    The  fibres,  .correspoadlng  to  the  location  of  their 


m.  380.— Scbenuttlc  tnitiiwi-n*  section  throojth  tlic  inra  i^Tvirslis  i>f  thp  mp- 
dulla qrinalis.  (After  H.OberMoinrr.  AiikituiiK  Wini  SIikHiiui ilex  Rniicx'lpr 
WITiSwli  Ontmloiijiinf.  otr..  Ill,  Aiifl..  l-tija.  u.  WUn.  lUM.  S.  257.  >1r.  113. ) 
B,  badcDlDB  ran«abii  Bunlachi :  fVi.  rnniniiKiuira  vi'tiIibUk:  I'wi,  coniii  vi'ii- 
lialia ;  fbj>,  cornu  <loiKaUii ;  fl.  fawiciiliis  vi-iitm-lHttTalin  tJiiwcrei :  '>'.•'.  riu- 
rlnilus  mrillB  Onlll ;  OSZ,  mixi-d  huiiilli'  uf  riiiiii-iiliH  lutrmliR :  Iln.  diinai- 
l*t«al  field  of  fbnfculuii  iliirmlui ;  iX  liilrmK-diBiy  hUDilli'  of  ruiiiculuii 
Ut«rall«;  Kf.  bficirulnHn-n'hcllii-KpiiiHlbiiiriliRi't  rrrrlN-lUr  tnvt  of  Flii'li- 
■Ik:  L,  LiMBucr'R  fiiitririiluH :  »,  nuTKiiiHl  »>m- :  PgA,  (kwiculiui  n-nhn-- 
■[nnaliK  IittnallH  nr  latviul  pynniiilal  tnii-t :  /VT,  ntm-litilOHn'Tphni-iniiruliK 
TPntnlis  or  Tcotnil  pyraniiiUI  Irac't :  R,  mihiitBiiliR  m-lalinwia  BoUnill ;  "- 


[  TentTalia. 

llmitiDK  iBTcr :  fgr,  nulMlaiilin  eclat iiiiwu  ii'ntrnli 
pninriiu:p/r.Tpntral  fli'ldorili>niHl  ftininili :  rm.t 
IT.  donal  root  flbre. 


if  SrliultKP:  I'd.  bti-nti 
I''.',  rHHrionlUH  vi>iitr«li» 
'iruliiK  Milnt-niHrKiuHlisi    , 


cells  of  origin,  appear  fimt  in  the  uppermost  part  of  the  lum- 
bar cord,  and  gradually  inurcuse  in  mttsu  an  tlif  conl  is  iiBceudcd, 
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owing  to  the  continued  accession  of  new  fibres  from  the  nu- 
cleus dorsalis  at  successive  levels.  At  the  junction  of  the  cer- 
vical cord  with  the  medulla  oblongata  this  fasciculus  cerebello- 
spinalis  Flechsigi  comes  to  occupy  the  angle  between  the  gray 
matter  of  the  dorsal  horn  and  the  lateral  surface  of  the  cord. 
The  fibres  become  displaced  dorsal  ward  and  help  to  build  the 
corpus  restiforme,  being  the  earliest  of  the  fibres  of  the  latter 
bundle  to  become  medullated  (Fig.  391).     The  fibres  of  the 
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direct  cerebellar  tinct  are  medullated  at  the  fifth  month  of 
foetal  life  (Brace),  tn  fcetuBes  from  25  to  37  cm.  long,  one  can 
follow  these  medullated  axones  in  serial  sections  up  through  the 


^^ 


tsi 


j-0 


Pio.  3HS.     FniDtHl  BMttuii  of  mcilullH  oliloiiRutH  anil  <i  n  liellum  of  m  1 1  ii  inontha 
tmtut  at  level  uf  last  (pruxiiiiul)  ixirtlcin  uf  iiui'li'Us  Gmtiini.    Thv  iiiii'Ii'iui 

fliilxiHUB  conaiata  of  h'VciuI  pnrtH.  '  After  Kiiiicti-  lie  -SunctiK.  Miuiatmchr.  t. 
•srvbOLt.  u.  Neunj]..  Ikrl..  Ibl.  iv,  ISIM.  n.  Sin.  Vik.  T.)  C.a..  lann-  aiilcriur 
dt<rui*Mtiaii  commiwiun! ;  C.IK,  i^orpus  ilciilaliiin  M'U  t-iliare;  C.r,.  nirpiis 
rmtifonne  ;  E,  nuclcuH  <Mu)H>liforniiii ;  F/i:  Hihi-uIiw,  »ilh  irK  l>eduili'1c ;  f..«i(., 
Shnt  HeniiFin-iilarMi  InU'ralcH  i  f'.S.w.,  tilint  wmiciri'iilarcs  mediultit:  li. 
aavlean  ^I.^hhub:  H.d.i..  iiiicIi-iik  iiitti  vcstihiili :  nj-..  iiiii-Uub  tiwUBii: 
r.  t".  tractus  Dpinaliii  ut'rvi  triin-iiiiiii :  f.i.c,  iiu<-1i-uh  iicrvi  racblinir  iliiiMklia. 

corpus  restiforme  to  their  terminations  in  the  vermis.  They 
pass  by  the  anterior  part  (giving  olT  collaterals  to  it)  of  the 
corpns  dentstum  mainly  on  itri  lateral  side  to  pat^s  out  to  the 
cortex  of  the  dorsal  and  proximo-ventral  portion  of  the  vermis, 
partly  on  the  same  aide,  but  to  a  great  extent  by  way  of  the 
large  commissure  (Figs.  'ii)2  and  .'tfi:))  also,  on  the  oppositi^  side, 
where  the  fibres  enter  the  pniy  suliatanoe,  lose  their  myelin 
sheaths,  and  terminate  by  cnd-mmifications  in  among  the  iiorvo 
cells  and  their  processes  situated  there.  Another  smaller  por- 
tion of  the  corpus  restiforme,  itn  so^jalled  "  nieiliul  bnmile," 
passes,  partly  medially  and  ventrally  an  regards  the  cerebi'llar 
nuclei   (nucleus  dentatus,   nucleus  globosua,   nucleus  emboli- 
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formis,  and  nucleus  fastigii),  partly  actually  throngh  these  gray 
masBC-a  to  terminate  chiefly  in  the  cortex  of  the  Tcrmie  inferior. 
Some  of  the  fibres,  however,  pass  through  the  commissura  cere- 
belli  inferior,  others  through  the  interfastigiul  commissure. 
It  is  not  surprising,  therefore,  that  some  time  after  section  of 
the  fasciculus  in  the  upper  cervical  cord  in  young  animals 
von  Monakow  should  find  that  there  had  resulted  atrophy  of 
the  corresponding  hall  of  the  vermis.  The  area  which  is  oc- 
cupied by  these  fibres  is  shown  in  Fig.  394.  The  fact  that 
the  fasciculus  cerebello-spimilis,*  all  the  way  from  the  lower 


\..FS.r. 


ngala  and  ciTpbclluin  uf  BevcD  Diunths' 
}  nui'lcim  raHtiEii  and  nurlciu  dfn- 
uatHwhr,  f.  I'KycliUI.  o.  Neurol..   Brrl., 
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89B    p     TT    F  K    8       B        brechium  conJUDCtivuni ;  C.r.,  mTinu 
rm     /    <!    flhnp     mm  rhuis  md  iaIi.'h  ;/.>./..  fibtw  iDfTafagtiKufut: 

nn«Gu<   KU  11    /  M      fihrw    yinR  medial  to  the  braehlDm  roojuuc- 
nln  -d  t<    Di      p>  n               f   .)..   fihrtt  nemicin-DlarM  latemW; 
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rt     a       hs         ba.  be  n  designated  a  eertbtll^hgnnal  fwoic- 
be       re  a  pmp  a          ^pplj  the  term  »pii%4>-e«rtbellar  to 
are         n    f    he  n  m  n    ature.  I  would  SDggeet  that  fa,. 
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thoracic  region  to  the  corpus  restiformo  iu  the  medulla,  is  situ- 
ated on  the  very  surface  of  the  cord  explains  why  in  diseases  like 
cerebro-epinal  meningitis  it  ia  especially  cxiiosed  to  injury.* 


lu.  aw.— Fnmtal  HMtiiin  throuich  rhumhcnrirhHliiii  iif  miiiiki'y ; 
nucleiL)  rnniruli  canniti  anil  iiiniuH  n-ntifuniir.     Wi-in'rl'i  mi 
Fcnirr  uid  Turnor,  I'hil.  Tr.,  Lonil..  vol.  i-Uixv,  IHM.  B. 
■^.  lemnincuiimi.tliBUB;  dcfii'iicratinn  ' 


{Aft.r 


i-Uixv,  Vm.  B.,  pi.  Ill „ 

_  ilorwl  piirtlon.    Ill nifU'lliir..   ._ 

nght  ride  in  a  Uiw,  f«n-«luiiK-d  wIcniwKl  nim  (M.cf.  i.  funnoil  cliii'll.T  by 
dirvrt  fibre*  frum  the  nurlt'Uii  niiiii'uli  i*uni>Hli :  the  htIprhciI  nTf»  ninbiiiixln 
■diliUiin  flbrmfraintlipnurtpiiKriinii.'uli|tnii-JluiHnil  fniin  the  riwriruhiH  ii-n^ 
ht^lliHipinalis.  ^r.l..  trait  iK-twi-un  tlw  lewhcllum  Hint  Di-ilere'  ihk-Uuk: 
t'lU,  tiBctOB  Hfdiulbi  N.  triEcmiiii,  <li'e<-ni-nitiil  i>ii  thr  lift  sid(>  :  >>i.  tiuiIciu 
ollraris  nipeiiori  e.il.r.,  niirlcii!!  ilt'iitiitiM  (crcbellj :  I'.  N,  triei'iiiinUH; 
17/.  nucli^ui  N.  Gtcialiit:  17//.  N.  vmtihuli. 

According  to  Patrick,  whose  studies  are  among  the  most 
careful  we  possess,  a  certain  number  of  the  fihren  of  the  fasci- 
culus do  not  enter  the  cerebellum  through  tlie  corpus  restifornie, 
but  pass  on  further  heailward  in  company  witli  the  fibres  of 
Gowers'  tract. 

•  Buker,  L.  F.  On  Certain  Ch&ngcs  in  Die  <'t>lls  of  tiie  Vontral  Homs 
and  of  the  Nucleue  DonalLs<('lnrkii)iti  Kpiilpniic  rcrebro-spinal  Meningitis. 
Brit.  H,  J.,  LoDd.  (1697),  ii,  pp.  1839-1841. 
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Uteral  ivnjunoiival  spin«>-cereliellar  neurone  system — Sensory  crossing 
\t  VMinc^*r — Tho  venirv^Iator*!  supenor  spino-quadrigeniinal  neurone 
svj^cro — The  ^ontn^Iaienl  spino- thalamic  sjstem — Relations  to  the 
^mnii^'U:?  lalemlis — K-. ?;«?»>*. in:-:  *>  >:'jdi** — ^The  inferior  spino-quadri- 
^minal  r>i"an'ue  >T<:<»r.:— Th-e  ^ria-.-r^uncular  neurone  system  ito 
:i:^  <uN<^a::::a  r.ijTr:* — The  Sj:ix-*.«ilifonnal  neurone  sy:$tem — The 
T>fr:r'>'.4:er3u  >i':r.>vvrvl^'.lar  r>fscifor2aAl  neurone  srstem. 


» r-:*  -»  The  vvV.  KxMtss  v^f  ihe  nrarv*ii«*,  the  axone$  of  which 
r>  ••■^  nukk^*  :  ri5  fis*.  :oulu>  v>»n:rvK^:^niIi>  soperficialis  (Gowersi), 
crr>::Ar'T  kr.owr.  dk>  itv^wvrf'  :r*.:*  *nr  situated  in  the  gray 
mirr^fr  c f  :>-i  >i^'.::il  >>T\i.  ip»rv»:iZy.  ptrilT  in  the  central  por- 
«•  a  ;'  Ti-f  TT-Tnl  >.  rr-5^  r^^^-T  —  *^  aai-ldlr  lone  of  the  gray 
*a>sr-i:i'*T  T.  Ijc'r.>.;«>ck  i  -  Ti-*  ^x-t-fs  vf  *he  £i$ciciiliis  come 
~ji  TJir:  i_Tv*  :\t  frr-r::  :*■;  £t*t  ^sazziti:  -ii  zht  same  side  of  the 
,-'ri  ti*.-->  :f  Tiu:  cr.tr.-:  r^z^zr  a^*^  :i  i*n  indirectlT  from 
rr»*  jr*i*  -I'.AZ-.ic  f  :>-•:  ;TO.*»f::tf  >;.'£«  •  :*  liw-  wrtrd  Inr  way  of  the 
-itr~n*  ••  iiiTi  .sc^.-'^  i\  :■'.-<  :'  '^*i^-i^:m*ir^'.  SMLroocs^  The 
.-M^^-^r*.  .i.Li«:  NwT •'-"•:  f  TL*fi~i-ViiT-«i  iLTfori^  :3.  i^wUte  mattcF, 
T*:.  ■:  ?*--..>:"  -z.ini^i  f.  :'th  i .^cn^rxBOrfL  £3x5i^  neurologist 
"•r-K-  :-c  "T'^'^'-s  :. Tij^-l  .a  riaj?^rw  i«aMiw  «f  the  cord. 


■  -  — rr..  '.  '■.:r-.ii!:..      vTi'^'r'H  su   r^r^  ustv.ir  di  on  am* 
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a  fact  determined  by  Gowers  himself,  and  confirmed  by  Tooth, 
Francotte,  Barbacci,  and  others.  The  size  and  position  of  the 
degenerated  area  varies  according  to  the  position  of  the  lesion, 
owiug  to  the  circumstance  that  the  tract  is  made  up  of  fibres 
which  enter  it  at  vanous  segments  of  the  cord  The  tract 
first  becomes  visible  in  the  uppermost  region  of  the  lumbar  cord, 
being  situated  on  the  surface  of  the  lateral  funiculus  ventrally 
and  laterally  as  regards  the  lateral  pyramidal  tract  it  increases 
notably  in  volume  as  the  cord  is  ascended  Higher  up  in  the 
thoracic  region  the  fibres  form  a  stripe  along  the  ventro-lateral 


Fio.  39S. — TnlnBveiBe  sectjon  at  spinal  (v>nl  at  level  of  the  fourth  cervical  sos- 
nH-Dt  to  show  asecnding  dcKcneratioD  iif  (Jowers'  tract.  (AftiT  F.  W.  Mott. 
Brain.  Lond.,  vtd.  iv.  lS»i,  p.  228.  Pi|;.  l.i  The  dp^enerated  Bbn«  are 
stained  hlaek  in  the  faaciclilns  ftrai-iliB,  in  tlie  fiiBciculun  gpintH'c  rebel  la  ria 
(lomv-lateraliB,  and  in  the  fa.'vi cuius  vi'ntru-U>1eialiKsupi<Ttli.'ia1iH,  Ttie  defien- 
eration  resulted  from  homisectiunon  thu  ridht  Hide,  at  tlii'  level  cif  Ti  and  T  ii. 

aspect  of  the  cord  in  front  of  the  fasciculns  cerebello-spinalis 
Flechsigi,  but  among  them  are  mixed  many  fibres  of  the  fascic- 
ulus ventralis  et  lateralis  proprius.  In  the  cervical  cord  (lowers' 
bundle  forms  a  more  extensive  and  more  compact  mass,  extend- 
ing from  the  direct  cerebellar  tract  of  Flechsig  behind  to  the 
ventral  roots  in  front  (Fig.  .'JOS).  It  would  appear  that  many 
of  the  fibres  in  the  tract  under  consideration  continue  np  for 
only  a  short  distance  wlien  they  turn  in  to  end  in  the  gray 
matter  of  the  cord,  thus  representing  shorter  and  longer  longi- 
tudinal association  tracts  betw<'en  the  spinal  segments.     Thus, 
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*i.-. 


in  human  cases,  whore  a  spinal  lesion  has  exmed  loi 
the  cord  the  main  mass  of  the  ascending  degea^^^rk^c.  ir. 
Gowers'  tract  can  be  followed  as  a  rule  no  fanfcrT  up  zhkn 
the  cervical  cord.  In  the  case  described  bv  (W*wej^  of  l*r<:<:!i 
in  the  upper  part  of  tlie  lumbar  enlargement,  it  «:>£  hnp»r- 
sible  to  follow  the  degeneration  above  the  opper  pt^n  *ji 
the  cerrical  enlargement,  and  in  a  case  of  lombu-  pArmpteri^ 
studied  by  Schaffer  ♦  with  Marchi 's  method,  it  wa*  hoc  p»;t?c:- 
ble  to  follow  degenerated  fibres  in  Gowers'  bundle  at«>Tc  ihe 
level  of  the  root  of  the  second  cervical  nerre.  Mor¥*>Ter. 
in  lesions  at  anv  level,  the  number  of  fibres  d€««:ef:fc:ei 
decreases  progressively  as  successive  sections  in  joi  aacieii^iinz 
diret^tion  are  studied.  According  to  the  ohserfaiioos  of  Bat- 
bjioci  and  others,  the  longest  fibres  of  this  fascionlcs  ra=.  in 
the  parts  of  the  tract  situated  nearest  to  the  peripL^rr  of 
the  cord. 

The  upward  continuation  in  the  medulla  of  Oow^ers"  rraei 
has  been  the  topic  of  much  discussion.  A  number  of  i=.vesci- 
gators  believe  that  a  portion  of  it  at  least  is  <t>nti]ii»c^  dir^:tlv 
or  by  rvlay  into  the  medial  lemniscus  Von  BeAtesew,  who 
independently  isolated  the  fasciculus  as  a  sepuate  tzan  by  the 
embryological  method  of  Flechsig,  states  that  h  k  ■w^aHateii 
at  the  beginning  of  the  eighth  month  of  fdPtal  life.  He  foCowed 
it  into  the  metiulla  as  far  as  the  region  of  ibe  B»!itt  Itferales. 
where  it  lies  ck>5e  to  the  periphery  of  lise  vefitio^ttefal  scr&.>e. 
He  inolinr^  to  the  view  that  the  fib*es  of  lowers'  bosdle  ler- 
mirjire  in  the  more  ventral  of  the  rwo  naokt  liseffaitt.  I:  was 
ifaHy  shown,  however,  by  :he  exp«eriittr«::s  of  Lt?«^wmxbaL^  ihai 
ces:rao::on  vf  :he  I-^f:  la:eral  f^mk^uhas  ia  t^  Asc  iRW  fiijBoww 
'r'v  A  i-e^reiirrafctioi:  •>?  the  fa?i^i.,":il:is  T^ecirv*-l*S«aE» 


whioh  .o'^M  Sr  fvll.^wr*!  :ip  :o  ihe  :Ipc>*^rmo^  purs  «f  tfce  {kxss. 
where  ::  ::irr>s  iorsilwAr^i  ir.  crier  :o  pfc»  s«r  ifce  bcair^um 
cvc^~n:::T-jjn  :hr::iih  ihe  ^cl:i!=i  2»«i3LL»r^  aaiwrriif  xe*o  ihe 
v.-err*>r.~rL     A:  :li:  :ir:L-f   L»>WT!i:h.4l   ::£Ubfd  lii?  £ft5ir»!^;is 
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by  Aaerbach  *  with  the  aid  of  Murchi's  method ;  he  v/as  able  to 
follow  the  degoDentted  fibres  to  their  termmution  in  the  ventntl 
parts  of  the  superior  vermis.  He  found  three  fasciculi  extending 
from  the  cord  to  the  cerebellum :  (1)  a  dorsal  cerebellar  tract 


Fie.  S96.— DioKiBmiuiitle  Tepnwntatlon  iif  thu  mUTM-  «f  the  flbnu  n{  tho  tw<> 
principal  tracts  anvvmlinji  tiom  thu  I4iiiul  iiinl  to  tlip  <'fT('h('IUini.  (Arti'r 
F.  W.  Hott.  Braiu.  I.uihI.,  viil.  XT,  IMS.  p.  StS.  Fin.  !■>  Th<'  foHri<-ulii» 
niiQiM?«ivh«II)iriHVi!DtnhIalonliii(J(nn>iiiliituI  the  fiui,-i(iiluHsiiiiiiH.-i'n'hc11iiriii 
diHsu-latcrklis  Rn  unihHl  tn  tlw  cutd  anil  in  the  1iiw<t  )itirt  nf  tlu'  nu^liillH. 
llie  lattfTpHaemintu  thodiipuN  ntttiritritM' *nd  tcnuliuiti-<t  in  tho  doMil  piir- 
tiim  or  the  anpfriiir  vrnnla.  The  foniKT  Tfiuainn  viintmllT  iritaatt-d  nntll  It 
TMrhm  thv  level  iit  the  N.  tri^-minuii ;  puminR  lieTimd  thin  it  rrnnn  a  liHifi 
hnrkiTHrd  tu  n«i'li  tbv  (1unai-1iiU-ml  MiTfurt'  iif  the  liTHi'lituni  nnijunrtlvnin. 
Tlif  flhrvK  then  ««nniF  hui-kwiird  uiiil  xwi't'p  ruund  intu  the  unlertur  iii>rtii>n 
uf  the  napeHor  venuig. 

(Flecbsig'B  tract)  ending  in  tlie  dorsal  part  of  the  vermis  superior ; 
(2)  a  ventral  cerebellar  tract  (Cowers'  trai-t)  eiidinfi  in  tlic  ventral 
parts  of  the  vermis ;  and  (-i)  a  third  smaller  liundlc  arisiiif;  in  the 

•  AnerbHcii.  L.  Ziir  Aiiutotiiii'  dor  sufuli'ici'ml  ili'gvm'riiTi'iicicn  .'>ysli'iiii' 
ilM  Rnekcnmftrks,  Anal.  Aiiz .  Jomi,  Bil.  v  (181HI).  S.2l4-3ifi.— Ziir  Aunli.mie 
iler  Vorilerseitenstniii^'sle.  \ti;)i.  t.  putb.  Aunt..  vU:.  Ucrt..  Hil.  exxi 
(IIWO).  a  19&-30». 
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Znrabftr  oord  mnd  a/!«0Bpia7i!ix  •'/•ivils'  :zM.-r  j»  iLir*»  ih<>  level 
of  ^xh  of  the  Demi£  gigtm-iiTHu  viuam  x  jflCt  liie  latter  lo  pa^ss 
ihionzA  the  corpn*  vtszif^jevat  ju^i  "hB  ^:€P^m\nnL  ^jwmnl  the 
Xiii'.'jeas  denial  Oil.  The  exii^c  !iiiim^  if  rsja  ifar<»  isw  aIj«>  been 
T*rT  iiianrfiillT  vorked  fyzi  z^  M-ic  •  inii  tt  Siaarfer  in  mon- 

t-T  M^ZTrLi**  methoi.  Tbe  F^jrinn  3iiazTiujiCB&  ±bi  that  in 
iLr  p»>ns  the  fibres  ~I<e;kT<>-  iztKr  -osirraL  szaacmu  'xminjsr  a 
l<*:«p  oTtT  the  fifth  r^rrr :  iii*T  ir»  -iiiHi  tiR«!U«i  'M3c»t:sr-lT  up- 
d  azi-i  ba^rvard,  to  lii*-  fsrla!^  if  "in*  -waifrtDr  >*ii:mcl»-. 


f*yrsJjiz  a  larer  of  fir*»*  :>:gTr:3iiq»  "¥XIL  "^it  73i.-Ti»  .if  \  ^-^iisetrns 
a&i  •*rpnj»;ed  fr-jCQ  tl*  zt*^lI3l!ll^  15  a  tara.  JB»«r  -i-f  zrmy 
Esact«rr:  th-rT  tber.  nr  i-T-wr.-^'Kri  m  tiiit  i»iecs!*«r  srrf^-e  of 
tir-   vf^ii^'-'.-r   Mi   far  af  :*:*   ^-mfrrnim  'w.zh.  thu    !T;r»c«i-Z":ii::  at 

zhr    ij'i.E.::^   -rr-rTr    li-r^ie     f«i:E»Ki!enseL    inr-s    ;aa.     t«r    2r-rn 

TT^it*  "rri?*   as«r^i  fr:-:=.  ti-*  ?cciiL   .•'•iri  *#   tai*   i^rrv^^rlliim 


as  far  a*  "ri-*-  r*C-->-  if  iJi-r  :rrz«;ca  :-iaiir::Mn.ziA    F'ur-  i^T  l 
i-s  rx^te-r-zient*  :c  aif  "wrii  "Li**  a^i  :t  rhin  3i»fC3»]i£    f  Mar.  iii. 


it  r=-  -!:i:--?:L  fTt-i*  — .'•fr^'»rl!;ar  ir^a^*:  t<fraL3a&!*  in  "ai?  ^Mc^Bal  az>d 
ir  zu^'  --r.-tnl  T»  ■'':•■-"?  :f  z'i*t  T^nLLaw  tie  inrep  if  t^  T«:trK- 


"      :- :    *"».         '       'fc.-*    "n  :.r  I-  ?*  >~   ?>•'"<' "riax  a?* 

-     t:  .  \    :         -s.  ^    V.       .1.--..     ^ss*.  -c- -JS-^fC 
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Fig.  397 — rJeiwnt'ratioii  of  (iowt-rs'  tract  iUm»v«'  tin-  iiudiillH  o}»I«»ni:at:i.      Aft^rr 
H.  T.  Patrick.  Arch.  f.  Psyrhiat.,  Ii4rrl..  IM.  xxv,  lS(i:j.  S.  KU  ,t  s^tj. ) 
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— AwmfliDB  dPKi'nPTHtlon  of  the  fii»rinilu)i  vciitn-liiti'TalU  (iowi-TM 
alKT  irikiisviiw  Irninn  iif  Ihi'  hiiiunn  lonl  Ht  the  levi-1  lit  T  vii.  Mcthoil  of 
Mun-lii.  (After  A.  HikIip,  Anh.  f.  PXTihiiit.  ii,  Nrrxriikr..  H.tI.,  Bd. 
xxviii.  INtW.  Tat.  Ix.  Fiic.  3-0.\  A.  Icvi'l  iif  ilivuMifiii  pynlniilllln :  n. 
tiimrn.-  huixlli-.  B,  livil  of  •liiuwiiliii  1<'TniiiMi>niiii :  n.  Crcmtrs'  tiutt.  C. 
Icnl  of  rlic  liifi-riiT  liHiri>f  till'  iiiii'l>-iiH  olivHrin  inftrior.  I).  Ii-vvl  tif  the 
xaiifri.ir  li»lf  -if  the  iU><-l<-<»  »liviir»  inferior,  R.  level  of  Ih.'  senii  iiitL-ninai 
nuIirU  N.  Gieiiklis:  a.  (riiwcrn'  trai't:  b.  ileKeiieiutvil  ureu  ill  (-orjniK  niiti- 
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Risien  Russell  *  finds  that  in  man  the  fibres  of  Gowers'  tract 
begin  as  far  down  as  the  third  or  fourth  lumbar  segment.  He 
insists  further  that  though  there  is  marked  "  overlapping "  or 
"  mixing  "  of  the  efferent  with  the  afferent  tracts  in  the  ventro- 
lateral region  of  the  cord,  the  main  representation  of  the  afferent 
tract  is  internal  to  that  of  the  efferent  tract,  that  is  to  say,^ 
Gowers'  tract  is  separated  from  the  periphery  of  the  cord  by 
efferent  fibres. 

In  1896,  Hoche  f  was  able  in  two  human  cases  to  follow 
the  tract  through  various  levels  of  the  cord,  medulla,  pons,^ 
and  midbrain,  and  thence  back  through  the  brachium  conjunc- 
tivum  or  medullare  anterius  into  the  cerebellum.  The  findings 
in  one  of  his  cases  are  well  illustrated  in  Fig.  398.  In  the  second 
of  his  cases  he  thought  he  could  make  out  a  decussation  of  the 
fibres  in  the  roof  of  the  fourth  ventricle.  It  is  evident,  there- 
fore, that  Testut,  Edinger,  and  Mott  are  correct  in  assuming 
the  existence  of  two  direct  tracts  from  the  spinal  cord  to  the 
cerebellum,  and  it  seems  likely  that,  in  the  future,  Flechsig's 
tract  will  be  known  as  the  fasciculus  spino-cerebellaris  dorsalis 
(or  dorso-lateralis),  and  Gowers'  tract  as  the  fasciculus  spino- 
cerebellaris  ventralis  (or  ventro-lateralis). 

The  cerebellar  termination  of  Gowers'  tract  has  been  made 
out  also  in  human  cases  with  Marchi's  method  by  v.  Solder  J 
and  by  Worotynski.^ 

The  newer  investigations  make  it  appear  that  what  we  have 
designated  above  as  Gowers'  tract  consists  of  at  least  several 
distinct  neurone  systems.  The  principal  mass  is  the  fasciculus 
8pii\o-cerebellaris  ventro-lateralis,  which  goes  through  the  brach- 
ium conjunctivum  or  velum  medullare  anterius  to  terminate 
in  the  cerebellum.  This  corresponds  to  the  ventro-lateral  con- 
junctival spino-cerebellar  system  of  the  Swiss  and  Germans,  and 

*  Russell,  J.  S.  R.  Contributions  to  the  Study  of  Some  of  the  Afferent 
and  Efferent  Tracts  in  the  Spinal  Cord.  Brain,  Lond.,  vol.  xxi  (1898),  pp. 
145-179. 

t  Hoche,  A.  Ueber  secundSre  Degeneration,  speciell  des  Qowera'schen 
Blindels,  nebst  Bemerkungen  ueber  das  Verhalten  der  Reflexe  bei  Com- 
pression des  Rllckenmarkcs.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd. 
xxviii  (1896),  S.  510-543. 

X  V.  Solder,  F.  Degenerirte  Bahncn  im  Ilirnstamme  bei  Lision  des 
unteren  Cervicalmarks.    Neurol.  Centralbl.,  I^eipz.,  Bd.  xvi  (1897),  S.  S08-S12. 

•  Worotynski,  B.  Zur  Lohro  von  den  secundilren  Degenerationen . ioL 
Rackenniarke.     Neurol.  Cenlralbl.,  Leipz.,  Bd.  xvi  (1807),  S.  1094-1097. 
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might  very  well  be  called  the  aystema  [neuro7iicum]  spino-cere- 
bellare  ventrihlaterale  conjunctivale.  The  researches  of  Edin- 
ger,*  Mott,f  and  others  niake  it  appear  that  several  other  neu- 
rone systems  exist,  whose  axones  take  a  similar  course  for  at 
least  a  long  distance  in  the  spinal  cord  and  rhombencephalon. 

Edingef,  in  1889,  from  studies  of  myelinization,  came  to  the 
conclusion  that  many  of  the  medullated  axones  ascending  in 
the  fasciculi  proprii  of  the  ventral  and  lateral  funiculi  arise 
from  cells  of  the  dorsal  ciolumn  of  gray  matter  in  the  opposite 
side  of  the  spinal  cord.  The  crossing  of  the  axones,  he  be- 
lieved, occurs  partly  behind  the  canalis  centralis,  partly  in 
front  of  it,  by  way  of  both  the  commissura  grisea  and  the  com- 
missura  alba.  He.  separated  this  crossed  ascending  ventro-lat- 
eral  system  from  Gowers's  tract. 

The  most  important  observations  in  this  connection  are 
those  of  Mott,  who,  experimenting  on  monkeys,  studied  the 
resulting  degenerations  by  the  method  of  Marchi.  Mott  has 
clearly  distinguished,  in  addition  to  the  (largely  crossed)  con- 
junctival spino-cerebellar  system,  (1)  a  ventro-lateral  superior 
spino-quadrigeminal  system  and  (2)  a  ventro-lateral  spino-thala- 
mic  system. 

The  ventro-lateral  spino-quadrigeminal  system  (or,  as  it 
might  very  well  be  designated,  the  systema  [iieuronicuni]  spiyio- 
quadrigeminum  ventrO'laterale  superius)  sends  its  axones,  the 
exact  origin  of  which  is  still  doubtful,  upward  in  the  substantia 
alba  of  the  spinal  cord,  where  they  are  situated  at  first  in  the 
internal  (central)  of  the  three  zones  of  white  matter  at  the 
region  of  exit  of  the  ventral  roots.  Passing  up  through  the 
ventro-lateral  region  of  the  cord,  they  ascend  into  the  medulla 
oblongata,  where  they  are  found  among  the  other  fibres  which 
represent  the  ventro-lateral  portion  of  the  continuation  (in  the 
medulla)  of  the  ventro-lateral  funiculi  of  the  cord.     The  fibres 


♦  Edinger,  L.  Ueber  die  Fortsetzung  der  hinteren  RDckenmarkswur- 
zeln  zum  Gehirn.     Anat.  Anz.,  Jena,  Bd.  iv  (18«9).  S.  121-128. 

t  Mott,  F.  W.  Results  of  Hemisection  of  the  Spinal  Cord  in  Monkeys. 
Phil.  Tr.,  Lend.  (1891):  also.  Ascending  Degeneration,  resulting  from  Le- 
sions of  the  Spinal  Cord  in  Monkeys.  Brain,  Loud.,  vol.  xv  (1892),  pp.  215- 
229;  also,  Experimental  Inquiry  upon  the  Afferent  Tracts  of  the  Central 
Nervous  System  of  the  Monkey.  Ibid.,  vol.  xviii  (1895),  pp.  1-20;  also.  Die 
zufQhrenden  Kleinhirnbahnen  des  RUckenmarks  l)ei  dcm  Affen.  Monatschr. 
f.  Psychiat.  u.  Neurol.,  Berl.,  Bd.  i  (1897),  S.  104-121. 
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which  at  first  lie  lateral  from  the  nucleus  olivaris  inferior  come 
higher  up  to  be  situated  ventro-laterally  from  the  nucleus  oli- 
varis superior.  While  the  ventro-lateral  conjunctival  spino- 
cerebellar system  turns  dorsal  ward,  at  a  level  corresponding  to 
the  nervus  trigeminus,  just  behind  the  colliculus  inferior,  so  as 
to  pass  lateral  from  the  tract  us  spinalis  nervi  trigemini  into 
the  velum,  the  spino-quadrigeminal  system  of  Mott  continues  a 
course  ventro-medial  from  the  tractus  spinalis  nervi  trigemini 
and  from  the  nuclei  terminales  nervi' trigemini  running  mixed 
with  the  bundle  of  fibres  which  descends  from  the  nucleus  ru- 
ber of  the  opposite  side  to  the  lateral  funiculi.  Accordingly, 
the  spino-quadrigeminal  bundle  comes  to  lie  dorsal  from  the 
level  of  the  nucleus  olivaris  superior  and  between  the  fibres  of 
the  lemniscus  lateralis  which  here  pass  dorsal  ward.  The  fibres 
of  the  spino-quadrigeminal  system  lie  in  the  medial  portion  of 
the  lemniscus  lateralis  medial  from  the  nucleus  lemnisci  lat- 
eralis. At  the  level  of  the  colliculus  superior  the  spino-quadri- 
geminal fibres  become  separated  from  the  descending  axones 
from  the  opposite  red  nucleus,  since  the  bundle  of  the  lat- 
ter, ventro-lateral  from  the  nucleus  ruber,  has  reached  this 
lateral  position  by  passing  from  the  nucleus  ruber  of  the  oppo- 
site side  through  the  decussatio  tegmenti  ventralis  in  the  faphe 
lateralward.  The  spino-quadrigeminal  system,  on  the  other 
hand,  turns  medialward  into  the  substantia  grisea  of  the  col- 
liculus superior  in  order  to  terminate  by  end-ramifications  in 
among  the  perikaryons  and  dendrites  of  the  neurone  systems 
situated  there,  mixing  with  similar  end-ramifications  from  the 
tractus  opticus  and  from  the  auditory  axones  of  the  lateral  lem- 
niscus system. 

Mott's  spino-thalamic  fibre  system  (or,  as  it  might  be  called, 
systema  [nenronicuni]  spino-fhalamicum  ventro-laierale)  also 
takes  its  origin  in  cells  in  the  gray  matter  of  the  spinal  cord, 
but  just  in  what  regions  and  whether  on  the  same  or  on  the 
opposite  side,  or  both,  does  not  seem  clear.  The  medullated 
axones  ascend  through  the  ventro-lateral  region  of  the  cord 
mixed  with  those  of  the  spino-quadrigeminal  system  and  to  a 
certain  extent  with  those  of  the  conjunctival  spino-cerebellar 
system.  In  the  medulla  oblongata  the  course  of  the  path  is 
the  same  as  has  been  described  above  for  the  spino-quadrigemi- 
nal system,  and  the  fibres  of  Mott^s  spino-thalamic  system  appear 
to  be  mixed,  not  only  with  those  of  his  spino-quadrigeminal 
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system,  but,  Hko  the  latter,  also  with  the  descending  fibres 
from  the  midbrain  to  the  spinal  cord.  At  the  level  of  the  col- 
liculus  superior,  as  has  been  mentioned  above,  the  descending 
medullated  axones  from  the  red  nucleus  to  the  cord  become 
separated  from  the  common  bundle  (in  the  medial  part  of  the 
lateral  lemniscus),  as  do  also  the  ascending  spino-quadrigeminal 
fibres.  The  medullated  axones  of  Mott's  ascending  spino-thala- 
mic  system,  however,  are  continued  with  that  portion  of  the 
lemniscus  lateralis  which  goes  past  the  colliculus  inferior  with- 
out  stopping  in  it.  Further  on  they  become  more  or  less  mixed 
Mrith  the  medullated  axones  of  the  lemniscus  medialis  which 
are  scattered  more  or  less  diffusely  in  that  region  of  the  teg- 
mentum which  lies  medial  from  the  corpus  genie ulatum  medi- 
ale.  It  seems  likely  that  the  axones  of  the  spino-thalamic 
system  enter  the  hilus  thalami  and  terminate  in  the  ventro- 
lateral region  of  the  thalamus  along  with  the  principal  axones 
of  the  lemniscus  medialis  (those  derived  from  the  cell  bodies  in 
the  nucleus  funiculi  gracilis  and  the  nucleus  funiculi  cuneati) 
and  the  axones  from  the  cerebellum  (by  way  of  the  brachium 
conjunctivum  and  red  nucleus,  to  be  described  further  on). 

For  further  notes  on  ascending  (central-axone)  spino-thala^ 
mic  neurone  systems,  the  reader  is  referred  to  the  publications 
of  Mott,*  Patrick,!  von  Sf»lder,J  and  Tschermak.* 

Before  leaving  the  subject  of  the  fasciculus  ventro-lateralift 
superficialis  (Gowersi)  reference  must  be  made  (1)  to  the  recent 
publications  of  Rossolimo  and  (2)  to  the  findings  of  Tschermak 
concerning  an  ascending  ventro-lateral  restiformal  cerebellar 
system. 

Rossolimo,  |  in  an  article  accompanied  by  seventeen  illustra- 
tions, describes  his  findings  concerning  secondary  degenerations 
in  the  region  of  Gowers'  tract.  He  employed  the  method  of 
Busch,^  a  modification  of  the  method  of  Marchi,  which  pos- 
sesses, he  thinks,  certain  advantages  over  the  latter  procedure. 
The  patient,  a  girl  of  twelve  years,  had  suffered  from  retroperi- 

♦  Op,  cit.        f  Op.  cit,        X  V.  Solder,  F.,  op.  cit, 

•  Tschermak,  A.  Ueber  den  centralen  Verlauf  der  aufsteigendeii  Hin- 
terstrangbahnen  und  deren  Bcziehungen  zu  den  Bahnen  iin  Vorderseiten- 
strang.    Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1898),  S.  291-400. 

I  Rossolimo,  G.  J.  Ueber  den  centralen  Verlauf  des  Gowers'schen  BQn- 
dels.    Neurol.  Centralbl.,  Leipz.,  Bd.  xvii  (1898),  S.  935-940. 

^  Busch,  C.    Neurol.  Centralbl.,  Leipz.,  Bd.  xvii  (1898),  S.  476. 
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toneal  sarcoma,  with  multiple  metastases,  the  spinal  cord  being 
involved  chiefly  in  the  lower  thoracic  and  lumbar  region.  In 
the  ventro-lateral  region  he  found  a  very  definite  degeneration, 
which  on  the  whole  corresponded  to  the  position  of  (Jowers' 
tract  in  the  spinal  cord  as  well  as  in  the  medulla  and  pons. 
A  few  of  the  degenerated  fibres  left  the  bundle  to  enter  the 
cerebellum  by  way  of  the  corpus  restiforme.  No  fibres,  a(!cord- 
ing  to  Rossolimo,  passed  by  way  of  the  brachium  conjunctivum 
or  velum  medullare  anterius  into  the  cerebellum.  On  the 
other  hand,  the  fibres  undergo  a  partial  decussation  in  the 
velum  and  then  run  to  three  different  regions — (1)  into  the  col- 
liculus  inferior,  (2)  into  the  substantia  nigra  Soemmeringii,  and 
(3)  into  the  globus  pallidus  of  the  nucleus  lentiformis.  Rosso- 
limo concludes  that  his  case  is  a  sharp  contradiction  of  the 
series  of  results  obtained  by  Loewenthal,  Auerbach,  Mott,  lloche, 
and  others  concerning  the  termination  of  Gowers's  tract  in  the 
cerebellum  by  way  of  the  brachium  conjunctivum  and  velum. 
This  I  can  not  agree  with.  On  the  contrary,  Rossolimo's 
studies  are  to  be  looked  upon  not  as  contradicting  previous 
knowledge,  but  as  extending  it  in  a  most  desirable  way.  Ros- 
solimo appears  not  to  have  recognized  the  fact  that  Gowers's 
tract  can  no  longer  be  considered  a  morphological  entity.  It  is 
much  rather  a  complex  of  fibre  systems  by  no  means  homolo- 
gous with  one  another.  We  have  seen  above  that  it  contains  (1) 
the  medullated  axones  of  the  systema  neuronicum  spino-cerebel- 
lare  ventro-laterale  con juncti vale,  (2)  the  medullated  axones  of 
the  systema  neuronicum  spino-quadrigeminum  superius,  and  (3) 
the  medullated  axones  of  the  systema  neuronicum  spino-thalami- 
cum.  We  shall  see  in  a  moment  from  Tschermak's  studies  that 
Gowers'  tract  also  contains  (4)  a  systema  neuronicum  spino- 
cerebellare  ventro-laterale  restiformale.  It  appears  to  me  that 
the  correct  interpretation  to  put  upon  Rossolimo's  studies  is  the 
following:  From  the  lower  portion  of  the  spinal  cord  there 
ascend  medullated  fibres  in  the  course  of  Gowers'  tract  mixed 
with  the  fibres  of  the  neurone  systems  above  mentioned.  The 
termination  of  these  fibres  is  partly  in  the  cerebellum  (corre- 
sj)ondiiig  to  Tschermak's  ventro-lateral  restiformal  spino-cerebel- 
lar  system),  but  chiefly  in  regions  hitherto  not  known  as  receiv- 
ing fibres  of  (Jowers'  tract — viz.,  the  colliculus  inferior  of  the 
corpora  quadrigemina,  the  substantia  nigra,  and  the  nucleus 
leutiforniis.    If  Rossolimo's  observations  and  the  interpretation 
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spino-cerebellar  tract  which,  lower  down  than  their  fellows,  pasa 
into  the  cerebellum,  taking  the  short  cut  by  way  of  the  corpus 
restiforme.  I  take  it  that  the  few  fibres  observed  by  Rossolimo, 
above  referred  to,  passing  from  Gowers'  tract  into  the  corpus 
restiforme,  belong  to  the  same  neurone  system  as  that  of 
Tschermak  here  mentioned.  It  seems  likely,  too,  that  Tscher- 
mak's  system  is  identical  with  the  third  of  the  three  ascend- 
ing spino-cerebellar  systems  of  Auerbach  above  referred  to. 
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CHAPTER  XLII. 

ox  CEXTRAL-AXONE  (CEXTRIPETAL)  NEURONE  SYSTEMS  IN  THE 
FASCICULI  PROPRII  OR  GROUND-BUNDLES  OF  THE  SPINAL  CORD. 

Shorter  and  longer  neurone  systems — Intersegmental  or  internuncial  asso- 
ciation axones — Perikaryons  and  dendrites — Tautomeric,  heteromeric, 
and  hecateromeric  neurones — Axones  and  collaterals — The  lateral 
limiting  layer — Its  ventral  and  dorsal  parts — Bundles  in  the  rhomben- 
cephalon continuous  with  the  fasciculi  proprii  of  the  spinal  cord — The 
ascending  spino-cerebral  system  in  the  fasciculus  longitudinalismedialis 
— Relative  numbers  of  ascending  and  descending  axones  in  these 
bundles. 

{ad  d)  The  central  sensory  conduction  paths  corresponding 
to  neurones  the  cell  bodies  of  which  are  situated  in  the  gray 
matter  of  the  cord,  the  axones  helping  to  make  up  the  fasciculi 
proprii  of  the  ventral,  lateral,  and  dorsal  funiculi  of  the  white 
matter  of  the  cord,  have  been  the  object  of  much  study,  but  as 
yet  only  partial  and  unsatisfactory  information  concerning  them 
is  available.*  The  fasciculi  proprii  of  the  white  matter  contain 
fibres  of  shorter  and  longer  neurone  systems,  both  ascending  and 
descending,  crossed  and  uncrossed.  The  shorter  fibres  appear  to 
run  up  and  down  close  to  the  gray  substance ;  the  longer  fibres 
tend  to  occupy  areas  nearer  the  periphery  of  the  cord.    The  neu- 


♦  The  fascicalas  ventralis  proprius  corresponds  to  the  Vorderatranggnind- 
h&ndel  of  the  Germans ;  their  Seitensfrangreste  includes  the  fasciculus  lat- 
eralis proprius  and  Gowers'  tract.  Thus,  Flechsig  (Leitungsbahnen,  S.  299 
fP.)  describes  the  Seitenatrangresfe  as  being  made  up  of  two  territories: 
(1)  the  vordere  gemischte  Seitenstrangzmie,  and  (2)  the  aeitUche  Orenzschicht 
der  grauen  Substanz.  As  von  Bechtercw  showed,  Gowers*  bundle  corre- 
sponds to  a  portion  of  Plechsig's  i^ordere  gemischte  Seitenstrangzone.  The 
remainder  of  the  latter,  together  with  the  lateral  limiting  layer  or  fasciculus 
lateralis  limitans  {seitliche  Orenzschicht  der  grauen  Suhafanz),  make  up  the 
SeitenstranggrundhUndel  or  the  fasciculus  lateralis  proprius  (Fig.  399).  The 
Germans  often  speak  of  the  fasciculus  ventralis  et  lateralis  proprius  together 

the  Varderseitensirangreste, 
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rones  concerned  serve  to  connect  segments  of  various  levels  with 
one  another,  and  their  axones  are  accordingly  sometimes  referred 
to  as  "  intersegmental  "  or  "  internuncial "  axones  or  as  those  of 
"  longitudinal  association  fibres."  The  shortest  ones  connect 
segments  immediately  adjacent  to  one  another ;  the  longer  ones 
may  connect  widely  separated  levels  of  the  spinal  cord  and 
rhombencephalon,  or  may  even  bring  the  spinal  cord  into 
relation  with  the  mesencephalon  and  diencephalon.  There  is 
much  reason  to  believe  that  many  of  these  neurones,  especially 
those  with  ascending  axones  the  myelin  sheaths  of  which  accord- 
ingly undergo  secondary  ascending  degeneration  after  lesion, 
have  to  do  with  the  carrying  of  centripetal  impulses  toward  the 
higher  centres,  and  they  are  accordingly  appropriately  consid- 
ered here. 

The  perikaryons  and  dendrites  of  these  neurones  have  been 
studied  especially  by  Ramon  y  Cajal,  von  Kolliker,  van  Gehuchten, 
and  von  Lenhossek.  Those  which  send  axones  to  the  fasciculus 
ventralis  proprius  are  situated  (I)  in  the  most  medial  part  of  the 
ventral  horn  {Kommissurengruppe  of  von  Lenhossek),  and  (2)  in 
the  ventral  and  middle  parts  of  the  gray  substance.  Those  which 
send  axones  to  the  fasciculus  lateralis  proprius  are  situated  in 
the  middle  regions  of  the  gray  substance  and  in  the  dorsal  horns 
as  far  back  as  the  substantia  gelatinosa  of  Rolando.  Those 
which  send  axones  to  the  fasciculus  dorsalis  proprius  (endoge- 
nous fibres  of  the  dorsal  funiculi)  are  but  few  in  number,  and  ap- 
pear to  be  situated  in  the  gray  matter  of  the  dorsal  horn  (Fig. 
400).  The  axones  of  these  various  cells  pass  partly  to  the  white 
matter  of  the  same  side  (those  of  tautomeric  neurones,  van  Ge- 
huchten), partly  to  the  white  matter  of  the  opposite  side  (those 
of  heteromeric  neurones),  and  occasionally,  after  divison,  to  the 
white  matter  of  both  sides  (those  of  hecateromeric  neurones). 
The  calibre  of  the  axone  sometimes  increases  at  a  distance  from 
the  cell  body.  In  the  white  matter  an  axone  often  divides  into 
an  ascending  and  a  descending  limb.  Numerous  collaterals  are 
given  off  into  the  gray  substance,  so  that  a  given  neurone  may 
affect  not  only  the  gray  matter  of  the  segment  in  which  its  axone 
terminates,  but  also,  by  means  of  collaterals,  the  gray  matter  of 
intervening  segments.  The  arrangement  of  the  whole  mechan- 
ism here  under  consideration  seems  to  be  that  especially  adapted 
for  co-ordinating  the  activities  of  the  gray  matter  of  different 
levels.     In  so  far  as  it  is  concerned  in  mediating  the  conduction 
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Fig  400  — Taatomeiic,  heteromenc   and  h  ■«it<Tomenc  ni 

(lOlgi  B  method  in  the  pais  lumbal  «  f  Ih  human  tip  lai  com  t.  nitiinea 
froma  number  of  prepttniti  us  (akin  frum  h  human  (.mbryo  30  cm  lung 
The  loner  motur  neurt  ne«,  tho  mmiss  iral  nt  n  i  es,  tl  <  ponkaryons  of 
which  are  sitiialed  in  the  veutmmeilial  part  of  the  venttsl  horn,  anil  the 
denilraionea  of  the  Bubstaiitis  griaea  have  not  lieen  reprexcnteil.  lAfter  M. 
von  Lenliun^k,  Dpr  feiiiere  Buu  dcH  Xcm'iuiyiitf^mg.  etc..  II.  Aufl..  Berl., 
ISBB.  T^r.  IT, )  1,  i.  S,  4.  tautomeric  neunints.  the  pcrikaiyonB  uf  whirh  are 
idtuat«d  in  the  middle  zone  of  the  sulistHntia  griBea.  their  Hioneit  pawing  to 
the  ventral  or  lateral  funieulua.  where  they  aaninir  a  lungitudinal  direcliim ; 
5,  neuninp.  with  perilcni^ou  in  latenil  n>)[">n  uf  gr»y_  matter  and  ainne 
pasBing  ventralwani  tii  bifurcate,  the  limlu  of  hifurealiun  entering,  one  of 
them  the  ventral  fuiiiculns,  (he  iither  the  ventral  eiimniiiwire :  b'.  neurune 
■itoated  in  lateral  inrt  of  gray  mattrr  BcndiiiR  axone  to  lateral  fiiniculiu ; 
7,  *,  9,  iO,  groups  of  nerve  cellw  in  middle  region  wnilinK  aioneH  tii  Ventral 
or  lateral  funieuluK;  II.  7^,  IS.  ij.  IS.  IT,  perikaryonH  in  aomal  linrii  Bending 
aionee  to  Uti^ral  fnniculuti ;  111.  ilendraiiine :  IS.  neurone  IranxitioiiHl  in  typo 
between  an  inaione  and  a  driidraxiini'.  tlie  axone  it  bifUnating  and  braiu'h- 
ing  manifoldly  in  the  gray  matter,  but  neniliiig  a  hranrh  ta  the  mibstaiitia 
alba ;  19,  perikaryon  in  ilorml  eiimnibiHuiv ;  SO.  umkaryon  in  Bulwtantia 
alba  I  il.  iS,  t.i,  cellH  jubI  ventral  to  MibKtuDtia  geintiliuMi ;  Hi.  SS,  i6.  neuroni« 
sending  azunee  to  ventral  fUnimliu:  t7.  nrnmnm  sending  aiiine  to  lateral 
funiculuBi  iS,  S9.  sn,  SI.  iieunmea  in  middle  region  sending  aioiieH  to  ven- 
tral ftmieulus:  .^i,.1i.  Si.  .<.;..«<'..«>,  Jr>.iU'nr»iiM  in  durmi  hum  whose  Hxiinea 
go  tc  the  lateral  funieiilUM;  ST.  pc-rikaryi.ii  in  Biihstanlia  alba  if.imiatio 
reticularial ;  S8,  iO.  it.  i^.  iS,  nerve  veils  in  donwl  part  of  ilunul  huru,  »ume 
of  which  send  aionea  to  tlie  dumal  funiculi. 
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of  impulses  to  the  higher  centres  concerned  in  sensation,  the 
mechanism  must,  for  the  most  part,  be  looked  upon  as  a  con- 
duction path  of  many  relays,  that  is,  of  many  superimposed 
neurones,  the  impulses  which  travel  along  it  passing  alter- 
nately from  gray  matter  to  white  matter  and  from  white 
matter  to  gray  matter  over  and  over  again  as  the  neural  axis 
is  ascended. 

The  so-called  lateral  limiting  layer,  or  fasciculus  lateralis 
limitans,*  was  first  described  by  Flechsig  on  the  ground  of 
studies  of  myelinization  in  1876.  By  it  he  meant  the  portion 
of  the  lateral  funiculus,  close  to  the  substantia  grisea  (F.  1.  1.  in 
Fig.  309).  Flechsig's  ideas  of  the  origin  of  the  fibres  of  this 
lateral  limiting  layer  were  vague,  although  he  felt  sure  that 
it  represented  a  complex  of  fibres  of  different  sorts.  The 
area  has  been  further  differentiated  by  von  Bechterew  and  by 
Bruce. 

Von  Bechterew  f  states  that  the  fibres  of  the  lateral  limiting 
layer  do  not  have  their  origin  in  fibres  of  the  dorsal  roots,  since 
this  layer  does  not  degenerate  when  the  dorsal  roots  are  injured. 
Xor  do  the  fibres  of  the  layer  arise  from  the  cells  of  the  nucleus 
dorsalis,  for  though  the  axones  from  the  nucleus  dorsalis  run 
through  the  fasciculus  lateralis  limitans  on  their  way  to  the 
dorso-lateral  periphery  of  the  cord,  they  do  not  turn  to  run 
longitudinally  near  the  gray  substance. 

From  the  study  of  developing  spinal  cords  von  Bechterew  has 
been  able  to  divide  the  lateral  limiting  layer  into  (1)  a  more 
ventral  portion  which  is  medullated  early,  and  (2)  a  more  dorsal 
portion  which  is  medullated  later.  The  latter  he  has  designated 
'*  the  medial  bundle  of  the  lateral  funiculus."  J  This  bundle 
lies  just  lateral  from  the  substantia  grisea,  dorsal  ward  from  the 
columna  grisea  lateralis,  and  thus  occupies  a  part  of  the  space 
between  the  fasciculus  cerebro-spinalis  lateralis  and  the  sub- 
stantia grisea.  Its  broader  ventral  extremity  (as  seen  in  cross 
section)  lies  in  the  angle  between  the  ventral  and  dorsal  horns. 
The  topographical  relations,  however,  vary  somewhat  at  differ- 
ent levels.    Von  Bechterew  believes  that  his  "  medial  bnndle  "  is 


♦  Die  seWiche  Orenzschicht  der  grauen  Subaiam  of  Flechsig. 

f  von  Bechterew,  W.  Die  Leitungsbahnen  im  Gehirn  und  RQckenmark, 
Leipz.  (1894). — Ueber  das  besondere,  mediale  BQndel  der  Seitenstrftnge. 
Xeun)l.  Centralbl.,  Leipz.,  Bd.  xvi  (1897),  S.  680-682. 

X  Mediales  Settenstrangbundel  of  von  Bechterew. 
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composed  of  short  medullated  axones,  which  arise  from  cells  in 
the  dorsal  horns.  The  more  ventral  part  of  the  lateral  limiting 
layer,  von  Bechterew  believes,  is  made  up  of  the  medullated 
axones  of  cells  situated  in  the  ventral  horns. 

An  interesting  and  important  extension  of  our  knowledge 
in  this  connection  has  been  furnished  by  Bruce,  of  Edinburgh.* 
This  observer,  studying  a  case  of  amyotrophic  lateral  sclerosis, 
found  partial  degeneration  of  the  ventral  part  of  the  lateral 
limiting  layer  along  with  degeneration  of  the  ventral  horns  and 
of  the  fasciculus  cerebro-spinalis  lateralis.  The  dorsal  part  of 
the  lateral  limiting  layer  (von  Bechterew's  "  medial  bundle  ") 
was  intact,  as  was  also  the  gray  matter  of  the  dorsal  horn.  It 
seems  likely,  therefore,  that  the  fibres  of  the  ventral  part  of  the 
lateral  limiting  layer  have  their  origin  in  cells  of  the  ventral 
horn.  In  speaking  or  writing  of  the  lateral  limiting  layer,  or 
fasciculus  lateralis  limitans,  care  should  therefore  be  taken  to 
mention  whether  one  is  referring  to  its  pars  dorsalis^  its  pars 
ventralisy  or  both. 

The  fasciculi  proprii  are  largest  in  volume  in  the  intumes- 
centiae.  In  the  thoracic  region  of  the  cord  they  are  relatively 
small. 

The  continuation  of  these  paths  upward  in  the  medulla  and 
pons  has  been  carefully  studied  by  Flechsig,f  von  Bechterew,! 
Edinger,  and  Held.*  According  to  von  Bechterew,  the  rela- 
tions can  be  easily  made  out  in  human  foetuses  25  to  27  cm. 
long,  when  but  few  tracts  are  medullated  in  the  rhomb- 
encephalon. Indeed  the  fasciculi  proprii  of  the  cord  are 
among  the  earliest  parts  of  the  substantia  alba  to  become  med- 
ullated. The  results  at  which  he  has  arrived  may  be  briefly 
summed  up  as  follows:  The  fibres  of  the  ventral  and  lat- 
eral  fasciculi    go   over  into    the    formatio   reticularis.     The 


♦  Bruce,  A.  D'un  faisceau  special  de  la  zone  laterale  de  la  moelle  ^pini- 
*re.  Rev.  neurol.,  Par.,  t.  iv  (1896),  No.  23,  pp.  698-700;  also.  On  a  Special 
Tract  in  the  Ijateral  Limiting  Layer  of  the  Spinal  Cord.  Scot.  M.  and  S.  J., 
Edinb.,  vol.  i  (1897),  No.  1. 

f  Op,  cit, 

%  von  Bechterew,  W.  Ueber  die  Langsfaserziige  der  Formatio  reticu- 
laris medullae  oblongata  et  pontis.  Neurol.  Centralbl.,  Bd.  iv  (1885),  S. 
337-846. 

•  Held,  H.  Die  Beziehungen  des  Vorderseitenstranges  zu  ^littcl-  und 
Hinterhim.  Abhandl.  der  math.  phys.  CI.  der  K.  Sachs.  Gesellsch.  d. 
Wissensch.,  Bd.  xviii,  No.  6,  Leipzig  (1892). 
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fibres  of  the  fasciculus  ventralia  proprius,  together  with  a  large 
tract  of  those  of  the   fasciculus  lateralis  proprius,  go  over. 


o.  401. ~A.  Initinvi'iM'  H'l'liiiii  thniush  the  pooteriar  hair  of  Ihe  pons.  Tbv  left 
h»ir  orihi'  il1iistniIii>i]<*<irn'K|<iiiicUt(>thpiinlt.'ri<>r.  therlRht  half  tothepiM- 
U'riiT  piirlion  of  (III'  iiiiiiH.  lArtiT  \V.  vim  Bn-liti>rew.  ItWt.  mme what  mod i- 
fliil. )  .\ti.r.'.,  Tiuc'li-iis  iinlniliK  supiTior :  Sh.I.I..  nuclpiii  lemiiiscl  lateralis ; 
,Vn.o.»..  iiiii'li'iiK  iilivariH  siipi-rior;  -Vm.b,,  iiucli-i  puuliK  i  ,VN.r.(.,  nnrlrua 
nliiiiliirii  tcBiritiiti ;  .Y.  |-.,  mdii  X.  trig.uiiiii ;  R.d.n.  l.,  ndii  " 
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through  a  marked  curve  dorsalward  corresponding  to  the 
course  of  the  central  canal,  into  the  so-called  "  medial  field  " 
and  into  the  adjacent  regions  of  the  "  lateral  field  "  of  the  f or- 
matio  reticularis  (Fig.  401).  The  fibres  of  the  most  dorsal  por- 
tion of  the  fasciculus  lateralis  proprius  become  separated  from 
the  other  fibres  and  run  as  a  distinct  bundle  on  the  lateral 
periphery  of  the  medulla.  They  can  be  followed  by  the  embry- 
ological  method  only  as  far  as  the  superior  olivary  complex, 

(mesencephalica)  nervi  trigemini ;  St.gr.c,  stratum  griscum  ccntrale.  Red— 
IS,  fibres  of  the  lemniscus  medialis  pertaining  to  tlie  nucleus  funiculi  cuneati ; 
10,  scattered  bundles  in  the  lemniscus  medialis ;  17,  region  of  scattered  llbrea 
which  develop  late  in  the  lateral  field  of  the  formatio  reticularis ;  19,  lem- 
niscus lateralis.  Yellow — 10,  fibres  of  lemniscus  medialis  originating  in 
nucleus  funiculi  gracilis  ;  ££,  fibn*s  from  the  region  of  the  colliculus  inferior 
to  the  nucleus  reticularis  tegmenti  and  to  the  pons.  ViolelS5,  fibres  of 
fasciculus  centralis  tegmenti  {centrale  Jlauheiihahn)  ;  S4,  fibres  iiassing  by 
the  raphe  from  the  nuclei  pontis  to  the  formatio  reticularis  grisi^a  ;  S8,  fibres 
of  the  spinal  bundle  (von  Bechterew)  of  the  brachium  pontis ;  45,  S9,  4S,  dif- 
ferent bundles  in  the  brachium  conjunctivum.  Bfue—4,  fasciculi  longi- 
tndinales  (pyramidales)  j  26,  fibres  of  medial  accessory  bundle  in  lemniscus 
medialis  (to  motor  nuclei  of  cerebral  nerves*) ;  46,  fibres  of  cerebral  bundle  of 
brachium  pontis ;  50,  frontal  cerebrocorticoixnital  path  ;  51,  temporo-oc^cipital 
cerebrocorticopontal  path.  Green — 9,  fasciculus  longitudinalis  medialis;  8, 
fibres  which  represent  the  pontal  continuation  of  the  fas(>iculus  lateralis  pro- 
prius of  the  spinal  cord ;  4^,  commissural  bundle  lying  ventral  ward  from  the 
brachium  coi^junctivum. 

B,  transverse  section  through  the  brain  stem ;  level  of  pedunculi  cere- 
bri. The  right  half  illustniti'S'  the  level  of  the  colliculus  inferior,  the 
left  half  that  of  the  C4)lliculu8  sup<rrior.  (After  W.  von  Bechterew,  1894, 
somewhat  modifieil. )  Aq.c,  aqueductus  cerebri;  C.p.m.,  corpus  genicula- 
tum  mediale;  Cm.,  con>U8  mammillare  ;  (\8.,  colliculus  superior;  JV./r, 
radix  N.  trochlearis;  Nu.c.i.,  nucleus  coUiculi  inferioris;  Nu.f.I.m.,  nu- 
cleus fasciculi  longitudinalis  medialis  or  nucleus  commisKune  posti^rioria 
{oberer  Oeulomotoritukem  of  Darksche  witsch ) ;  Nu.l.L,  von  Bechterew's  Ow- 
nwi  pnrabigeminum ;  Nu.I.s.,  nucleus  lateralis  superior  of  Flechsig  {nudens 
mnominatus  of  von  Bechterew);  Nu.n.JJJ,  nucleus  nervi  ocuhimotorii ; 
Ku.r.,  nucleus  ruber ;  S.n.,  substantia  nigra ;  St.gr.c,  stratum  griseum 
centrale.  Red — 19,  fibres  of  lemniscus  lateralis  which  enter  colliculus  in- 
ferior; S9,  fibres  of  brachium  quadrigeminum  inferius  from  the  colliculus 
inferior  of  the  same  and  of  the  opposite  side  ;  irf,  fibres  of  the  lemniscus 
medialis  originating  in  the  nucleus  funiculi  cuneati ;  Li",  fibres  of  the  lem- 
niscus fncdialis  going  to  the  corpora  quudrigemina  ;  Kf',  scattered  bundles  of 
the  lemniscus  which  go  over  into  the  Iwsis  piHlunculi  ;  17,  region  of  the  scat- 
tered fibres  (late  to  develop)  of  the  formatio  reticularis.  Yelloic — 10,  fibrc*s 
of  lemniscus  medialis  from  the  nucleus  funiculi  gracilis;  gS,  fibres  from  the 
nucleus  colliculi  inferioris  t«  the   thalamus  (acconling  to  von  H**chterew) ; 

56,  fibres  from  the  c<»lliculus  snp<'rior  t<»  the  cerebral  cortex.  Violet — 39,  42, 
45,  fibres  of  the  brachium  conjunctivum  before  their  entrance  into  the  red 
nucleus ;  ^7,  4^,  fibres  from  the  red  nucleus  to  the  nucleus  lentifomiis,  the 
thalamus,  and  the  cerebral  cortex  rthest^  are  the  radiations  of  the  re<l  nucleus) ; 
S5,  fibres  of  the  &sciculus  centralis  tegmenti  i  centrale  JTnubenbahu  ).  Green — 
9,  fasciculus  longitudinalis  medialis ;  SJ.  fibres  of  the  dorsil  part  of  the  com- 
missura  posterior;  SI',  fibres  of  the  ventral  part  of  the  comniissuni  posterior; 

57,  &8ciculus  retroflexus  Meynerti ;  S2.  fas<'iculu8  thalamoniammillaris  I  Vicq 
d'Azyri  > ;  25',  fasciculus  pedunculonmmmillaris  pars  basilaris  (iM'dunculus 
corporis  mamroillaris) ;  5S,  fibres  from  the  substantia  grist»a  of  the  colliculus 
superior  to  the  region  of  the  nucleus  rubor  of  the  opposit<'  side.  Bfue — ^, 
fasciculi  longitudinales  (pyramidales);  5<K  fibn*s  of  frontal  cen*br<K'orti- 
copontal  path  (medial  bundle  in  bjisis  p<*dHnculii;  51.  fibres  <»f  <K-cipito- 
temporal  cerebrocorticopontal  path  (lateral  bundle  in  basis  i)eduiiciili  i ;  :3*t, 
fibres  of  the  accessory  bundle  of  the  U'nniiscus ;  26',  fibres  connecting  the 
substantia  nigra  with  the  cerebral  hemispheres. 
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-where  von  Bechterow  thinks  they  are  interrupted  in  the  nuclei 
of  the  corpus  trapezoideum.* 

At  a  level  correBponding  to  about  the  middle  of  the  inferior 
olive,  the  fibres  from  the  fasciculus  ventralis  proprius,  together 


Tia.  102.— Sohematif  section  tlimugh  the  mpdulla  ohlongata  at  the  level  of  the 
nulla  of  thv  N.  vaguit  aikI  N.  hypoKloseoa.  (After  W.  von  Bechten-w.  Die 
LcitunKsbahiien  im  (iehim  und  Buckunmark,  Deutwh  von  K.  Weiubeni. 
11.  Aufl.,  Ix-ipz..  1890.  S.  152.  Fie.  131.)  X  root  of  K.  VB«us;  X//,  rout  of  N. 
hypogluBBUB ;  nX,  iiucleiu  bIb  ciDenae ;  hXII,  nucleus  nervj  hj'po^loaHi ;  ft, 
tractus  eulitarius ;  nam,  nucleus  ambiguuB:  XIa.  nucleus  fuuicali  lateralis 
ventralifl;  ntp,  DUcleus  f^iiiiculi  lateivlU  domaliii;  fida,  fidp,  fibres  frum 
nuclei  funiculi  Uteralis  to  the  cuipua  reslifonr--  ''  ' — " ■' — " ' 


trigemiui;  n.  BUbstantia  gelBtineea;  er,  corpus  resti forme ;  n/c.  nucleiia 
funiculi  cuncati ;  uff,  oerebral  extremity  of  nucleus  funiculi  gracllia;  oi. 
nucleus  ulivBris  inferior;  oil.  nucleus  olivaris  accessorius  dorsalis;  Hrii. 
nucleus  funiculi  veutmlia  ;  pg.  pynmia  :  iai.  stratum  interolivare  lemDiai'i : 
fni.  libres  of  tbfKtraluin  interulivaie  lemnisci  derived  from  the  contra-late  ml 
nucleus  funiculi  cuneatl  and  cuntinuims  farther  ciTebralwaid  with  the 
lateral  portion  of  the  lemniscus  medlalia ;  Imn,  fibre  bands  of  tbe  stratum 
interolivare  lemninci  which  have  come  from  the  contia-lateral  nucleus 
funiculi  gracilis  and  which  farther  cerebral  waiti  form  the  medial  portion  uf 
the  lemniscus  medialis;  narc,  nuclei  arcuati :  fae.  Qbrte  arcuatK  citemv 
._._._■  _  „),(,.(,  [,gyp  „|^g  (^j„  jfie  nucleus  funiculi  gracilb  of  the  opposite 


*  We  know  DOW.  from  the  studies  mentioned  in  the  preceding  chapter, 
that  this  ventro- lateral  bundle  (abtrrierendes  SeUenitrangbCttdtt  of  voD 
Bechlerew)  is  bjr  no  nieaiiB  so  simple  as  von  Bechterew  thought  tt  to  be.  It 
includes  a  whole  series  of  ascending  and  descending  fibre  EfStems — ventro- 
lateral s  pi  no- cerebellar  conjunctival  sfstem.  spino^iuadrigemiDal  STStem. 
spitio-thalaniic  system,  tegm  en  to-spinal  system,  etc..  etc. 
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with  a  part  of  those  from  the  fasciculus  lateralis  proprius,  are 
seen  in  the  form  of  a  compact  rectangular  bundle,  one  on  each 
side  of  the  raphe.  These  bundles  are  directly  continuous  above 
with  the  fasciculus  longitudinalis  medialis  (posterior  longitu- 
dinal bundle  of  many  authors)  on  each  side.  Between  the 
oompact  bundle  in  the  dorsal  region  and  the  stratum  inter- 
olivare  lemnisci  are  situated  more  loosely  arranged  strands  of 
fibres,  which,  von  Bechterew  thinks,  represent  in  the  main  the 
upward  continuation  of  the  more  ventral  fibres  of  the  fascicu- 
lus lateralis  proprius  of  the  cord.  Another  portion  of  the  fas- 
ciculus lateralis  proprius  is  continued  upward  in  the  form  of 
isolated  bundles  in  a  region  lateral  to  that  just  described  dor- 


Hnii 


Fio.  408. — Schematic  section  through  the  upper  part  of  tlie  medulla  oblongata  at 
the  level  of  the  root  of  the  N.  gloKsopharyngeus.  (After  W.  von  Bechterew, 
Die  Leitangshahnen  im  Gehim  und  Ruckcnniark,  Dcutsch  von  R.  Weinberg, 
II.  Aufl..  Leipz.,  1899,  S.  156,  Fig.  133.)  cr,  corpus  restifonne;  17//,  radix 
descendens  N.  vestibuli ;  nft.  nucleus  funiculi  teretis ;  IX,  roots  of  X.  glosso- 
pharyngeus ;  F,  tractus  spinalis  ner\i  trigemini ;  an,  substantia  gelatinosa ; 
fa,  tractus  solitarins ;  /a,  continuation  of  fasciculus  lateralis  of  the  spinal 
cord  (von  Bechterew's  "aberrant  bundle")  ;  /mi,  fibres  of  interolivary  layer 
from  contra-lateral  nucleus  funiculi  cuneati ;  Iniu.  fibres  of  interolivary  layer 
from  contra-lateral  nucleus  funiculi  gracilis:  net.  nucleus  centralis  inferior; 
nam,  nucleus  ambiguus;  oi,  nucleus  olivaris  inferior:  oiif,  nucleus  olivaris 
acoesBorios;  py,  pyramis;  shM,  strite  medullares;  fe,  fasciculus  centralis 
tegmenti  (eentrale  Haubenbahn). 


sai  to  the  olive.     These  last  fibres,  together  with  the  more  ven- 
tral of  the  fibres  of  the  fasciculus  longitudinalis  medialis,  appear 
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to  be  connected  intimately  with  the  nucleus  funiculi  ventralis  * 
and  the  nucleus  centralis  inferior,  f  inasmuch  as,  when  serial 
sections  are  studied,  the  fibres  followed  up  from  below  sud- 
denly vanish,  at  least  in  large  part,  at  the  level  of  these 
nuclei. 

The  fibres  of  the  main  compact  bundle  (continuous  cerebral- 
ward  with  the  fasciculus  longitudinalis  medialis)  representing 
most  of  the  fibres  from  the  fasciculus  ventralis  proprius,  and 
probably  a  few  of  the  fibres  of  the  fasciculus  lateralis  proprius, 
can  be  followed  above  the  nucleus  centralis  inferior  as  far  as 
the  nucleus  reticularis  tegmenti  J  (Fig.  401,  vide  supra).  Here 
a  number  of  the  fibres  appear  to  undergo  interruption,  but  many 
go  farther.  Of  the  latter,  a  few  cross  in  the  raphe  to  pass  to  the 
nucleus  centralis  superior  ^  and  possibly  to  the  ganglion  inter- 
pedunculare  Guddeni.  Those  most  dorsally  situated,  however,, 
are  continuous  with  the  cerebral  extension  of  the  fasciculus 
longitudinalis  medialis  (Fig.  406),  which  extends  at  any  rate  as 
far  cerebralward  as  the  nucleus  fasciculi  longitudinalis  medialis 
seu  nucleus  commissurae  posterioris  (oberer  Oculomotor iuskern 
of  Darkschewitsch). 

*  Misslawsky's  *'  respiratory  nucleus,"  Oberstciner's  Kern  des  Vorder- 
stranggnmdfmiulels  or,  as  I  call  it,  the  nucleus  funiculi  ventralis  (Fig.  402). 

f  Nucleus  centralis  of  Roller,  the  mass  of  formatio  reticularis  grisea  seen 
in  sections  taken  through  the  middle  of  the  olive,  situated  midway  between 
the  pyramids  and  the  floor  of  the  fourth  ventricle  and  separating  the  fascic- 
ulus longitudinalis  medialis  from  the  stratum  interolivare  lemnisci  (Fig.  403). 

X  A  mass  of  formatio  reticularis  giisea  near  the  'raphe  in  the  pars  dor- 
salis  pontis.  It  corresponds  in  part  at  least  to  Flechsig's  nucleus  centralis- 
et  lateralis  medius. 

*  By  the  nucleus  centralis  superior  is  meant  the  mass  of  gray  matter  seen 
on  both  sides  of  the  raphe,  ventral  to  the  fasciculus  longitudinalis  medialis 
in  sections  taken  at  a  level  just  below  the  colliculus  inferior  of  the  corpora 
quadri^emina.  The  nucleus  centralis  superior  extends  from  the  decussation 
of  the  braohium  conjunctivum  above  through  the  region  of  the  central  teg- 
mental nucleus,  being  situated  mainly  dorsal  to  the  latter.  The  fibres  of 
the  formatio  reticularis  curve  outward  to  give  place  to  this  nucleus.  Von 
Berhterew  calls  it  the  innerer  oberer  cenfraler  Kern  (nucleus  centralis 
superior  medialis),  to  distinguish  it  from  a  small  mass  of  large  cells  (nucleus 
centralis  superior  lateralis)  at  about  the  level  of  the  nucleus  lemnisci  lateralis, 
situated  in  among  the  white  fibres  of  the  middle  of  the  formatio  reticularis 
on  each  side  (Fig.  404).  This  latter  nucleus  lies  in  the  angle  made  by  the 
main  docussatio  brachii  conjunctivi  with  the  decussating  fibres  of  the  com- 
missure between  the  nucleii  Xn.  vestibulonim  superiores  of  the  two  side» 
(Fig.  405). 
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Of  the  recent  atudiee  dealing  with  the  ascending  fibres  of 
spinal  origin  in  the  fasciculus  longitudinalis  medialis,  those  of 
Held,*  Uoche,f  and  Tschermak  |  may  be  mentioDed. 


Fio.  4M.— Schemalir  crtira  Hcction  Iliruugh  the  iHtadonuKspiiiitiHut  itsJunctiuD 
with  tha  UthmUH  rhiimbenwphnli.  i  Aflir  W.  vim  Bfchtcirw,  Hit  Ix;ituiigB. 
hahiicn  im  (ichiru  uiid  Kuektunuirk.  Di-iirnh  voii  R  WeinbiTK.  11.  AuB., 
Leipz.  1 1S9B).  S.  aaa,  fiR.  1»8.  >  aq,  )ti|uc<]n<.'tuH  ren'bri ;  fip.  fHwiculus  luiigi- 
tudinalig  mcdialiii; /c,  rax-kulus  cciitniliH  tcmnpiiti  icenfrsfr  Uashtiihakn) \ 
fifu,  flbrcH  (toTD  the  reiion  iif  the  roUiruIlM  inrcriiiT  tu  thr  nurlvuR  ntJi'ulHriH 
temnonti ;  IV,  N.  trochk>ariii :  (bm.  fliinii  nf  the  IvmuiKnis  WMlialU  friHii  the 
contra-latoTsI  nurlrns  fuiilvnli  cuiiFati ;  Inn.  fihnit  of  the  Icmiiiwutt  mi'dialig 
frum  tht<  vuntra-latpral  iiudeug  fUniruli  graidlis;  fnp,  von  Bwhtvrrw'ii 
medial  Bccii«orT  Irninifirua :  Inm,  vmi  Bci:htvivw'a  arattirrrd  Ixiiidkii  of  the 
Irmnuruai  fm/.  Icmiiutiia  UteniliH;  »•■■,  imcleiig  centralis  Hiiprrinr,  imn 
nii-dialia ;  narf,  Duclvus  cpntraliH  BUpprior.  pan  latviulis ;  n/,  iiuvleiis  Icmiiiwj 
latcrelis  ;  art,  Durlt'us  retii-ulariH  (f ffineiitl  ]>nutis :  pt\.  dunwl,  pen.  miildlt', 
ptm,  medial.  pc.<  ventral  bundle  of  thi-  brachiuni  roiijunctivuni ;  ^fiv  repiv- 
wnts  the  commissure  betwoeu  the  nuplei  Hiipi'rion'n  niTvomm  vesdlinlurum  ; 
*/r.  iulHtanti»  ferrugineii,  V.  nulii  dcstniduuB  |mi'sciii-i'p]iii1ii»|  uervi 
trigemini. 

Held,  vith  the  myelinization  method,  was  able  to  show  the 
relation  of  the  fibres,  and  especially  of  their  collaterals,  to  the 
nuclei  of  the  formatio  reticularis  grisea  and  to  the  nuclei  of 
origin  of  the  nerves  governing  the  eye  muscles.     His  researches 

•  Op.  eil. 

t  Hocfae,  A.  Zur  Pathologic  tier  biilbfirspiiialen  spastisch-atrophiscben 
LShiDungSD.     Neurol.  Cenlralbl..  I-eipz.,  Hri.  xvi  (1897).  S.  243-252. 

t  Tschermsk.  A,  Ueber  den  centrsleti  Verlaut  rier aufsteiBenden  Hinter- 
Strangbafanen  and  deren  Beziehungen  zu  den  Bahnen  im  Vordeneitenatrang. 
Ai%h.  L  Anat  u.  Phf  Biol.,  Anat.  Abth.,  Leipz.  (1898),  S.  291^>0. 
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:ii'ularw  legraenti.    (Series  ii  .  ... 

commiisiiia  pwitoricir  ifrebri ;  Dee.B.r.,  decuiwatio  brachil  conjuDetiTi ; 
Dtt.Hteht.,  runiuiimure  betwi-cii  Sechterew's  nuclei ;  D.I.,  Abrvs  to  derumtJo 
li-Kniciiti :  F.n.i.'Cttn.'..  Hbne  affimlffi  iutemip  Trom  Ibe  nocletu  fiinicaU 
cuDfati:  F.r..  fawii'ulua  nmc&tas;  F.c.  to  F.t.,  hunille  frum  barimlua 
cuuMiliiH  ti>  riimintio  reticularis:  F.g..  faitciculus  gracilin:  F.l.m.,  (ucicDlaB 
loniriluiliiuiliii  mi'dialia  ;  L.m..  lemniBciiB  mpdiaiiti :  L.I..  lemniaciu  lateralis; 
Mol.  ■',,  radii  nioturiuN  X.  trigeinini  \  N.  I'll,,  railix  N,  facialis,  para  Kcanda; 
Kmt.  radix  \.  veiitihuli :  S.Vl..  radix  N.  ■bducentiit :  X.XII.,  ladiz  N. 
l>7P<>Klt»ii :  y.XL,  radix  X.  acce»iorii ;  Xu.n.ltl.ia).  nudeuBN.  oculomotorii. 
pars  lattraliH;  Xu.n.lIT.'h).  nucleus  ti.  uculomutorii,  para  impar;  A'B.e.i.(f), 
Ducleuu  c<!iitmlU  supcrinr,  para  latentlU:  Nn.c.i.lm),  nuclens  ccntnlta 
MipcHiir,  pain  luiiliHlIa  :  Xh.I.I..  nueii'us  lemnisri  laleralim  Xh.k.VII.,  Dudcoa 
N.  fsi'iiilisi  .Vw.Xf.r..  nuclens  N.  cochleie  ventmlis:  .Vu.e.i.,  nucletu  cen- 
traliH inferior:  .Vn.r.t..  mieleUH  ivtieularis  tefnueuti :  A'N.f.*..nucleiu  latenlia 
Boperiiir:  St.gr.c,  stratum  Kriseura  centrale:  Sen. I'..  Knnry  root  of  N. 
triiteininuB:  s.g..  nuhgtantia  gelatiniMa  Rolaudi  i  TrJr.nu.D.,  tract  tnm 
DeibTs'  nucleus  to  the  spinal  cord;  T,i.n.V.,  tractns  apinalia  S.  b 
(Preparation  by  Dr.  John  Utrivetson.) 
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desl  more  perticnlarly,  howereT,  with  the  deBcending  fibres  in 
this  region,  and  Till  be  referred  to  more  at  Icngtb  in  Chapter 
LVIII. 

Hoche  studied  the  degenerations  in  a  case  of  progreasive 
bulbar  paralysis  with  Weigert'a  method  and  with  the  method 
of  Marc  hi. 

,    mrtiolil,  KadtT  y.facialli    Suelttu  ntrtH 

/:\  <|fCnu  tntmiunij.      hi/pogloui. 


Fio.  ««.- 

pHisllel  and  close  U  — - -     -„ -  _ 

Weijwrt.  (After  A.  Bruce.  Illuatmtiims  of  the  Ncnt' Tnutx  id  the  Mid-and 
Hind  BniD  *nd  the  Cranial  Nerves  ansiiig  therefroin.  Edinh.  aod 
Lond..  ISM.  pi.  xxvii.  Pig.  1. )  The  faBciculuii  Ion  sit  udi  nil  lis  medinlis  and 
Ita  relatiun  to  the  foadcnlua  voutralis  proprias  of  the  apinal  cord  are  particu- 
larly well  ihown, 

Tschermak,  after  experiments  npon  cats  and  atndies  with 
Harchi'B  method,  haa  given  the  latest  description.  According 
to  him,  the  long  neurone  system  from  the  spinal  cord  to  the 
cerebrum  by  way  of  the  faacicuhiB  longitudinalis  medialia  "  has 
its  origin  in  the  ventral  horn  of  the  spinal  cord.  The  peri- 
karyons and  dendrites  are  situated  in  the  group  of  commiaenral 

*  Das  mtftteigendt  (cfHtrala^on*)  Hpinoctrebraltytteia  \m  doraalen 
LSng^HnM  of  Tacfaermak. 
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€ell8  in  the  ventral  horn,  the  axones  ascending  in  the  ventral 
funiculus.  In  the  medulla  oblongata,  at  the  level  where  the 
central  canal  of  the  spinal  cord  widens  out  to  form  the  fourth 
ventricle,  the  ventral  and  lateral  funiculi  become  separated 
into  two  groups  of  fibres,  one  medio-dorsally  placed  (con- 
tinuous farther  up  with  the  fasciculus  longitudinalis  medialis), 
the  other  ventro-laterally  placed.  The  ascending  spino-cerebral 
system  under  consideration  enters  the  first-named  fibre  complex.* 
The  ascending  fibres  give  off  many  collaterals  to  the  same  side 
and  to  the  opposite  side.  The  collaterals  to  the  same  side  pass 
lateralward  to  the  nucleus  nervi  hypoglossi,  the  nucleus  nervi 
abducentis,  the  nucleus  nervi  trochlearis,  the  nucleus  nervi 
oculomotorii,  the  nucleus  centralis  et  lateralis  inferior,  the 
nucleus  centralis  et  lateralis  medius,  and  the  nucleus  centralis 
et  lateralis  superior.  The  collaterals  to  the  opposite  side  pass 
medialward  across  the  raphe  and  end  in  the  various  nuclei  of 
the  formatio  reticularis  grisea. 

The  longest  fibres  of  the  ascending  system  of  the  fasciculus 
longitudinalis  medialis,  having  reached  the  level  of  the  coUicu- 
lus  superior  of  the  corpora  quadrigemina,  swing  around  latero- 
dorsalward,  to  pass  between  Darkschewitsch's  nucleus  and  the 
nucleus  lateralis  superior,  the  axones  terminating  in  the  cells 
of  both  nuclei.  A  part  of  the  fibres  go  through  the  pars  ven- 
tral is  of  the  commissura  posterior  cerebri  to  terminate  in  the 
corresponding  nuclei  of  the  opposite  side.f 

According  to  Held  and  Tschermak,  the  neurone  system 
under  discussion  represents  a  deep  crossed  connection  (the 
crossing  taking  place  low  down)  between  the  spinal  cord  and 
the  nuclei  of  origin  of  the  motor  cerebral  nerves  as  well  as  the 
nuclei  of  the  formatio  reticularis  grisea  of  both  sides  as  far  up 
its  the  commissura  posterior  cerebri. 

There  has  been  a  great  deal  of  controversy  between  von 
Bechterew,  von  Kolliker,  Held,  Ramon  y  Cajal,  van  Gehuchten, 

*  Vorderseitenstrangrest  der  MittelUnie  (Held). 

f  The  superior  lateral  nucleus  is  continuous  headward  with  the  centre 
midian  of  the  nucleus  medialis  thalami.  It  will  be  noted  that  the  pars  ven- 
tralis  of  the  commissura  posterior  cerebri  contains  crossed  fibres  of  the 
Ascending  spino-cerebral  system  which  run  in  the  fasciculus  longitudinalis 
medialis,  while  the  pars  dorsalis  of  the  commissura  posterior  cerebri  contains 
axones  from  the  nuclei  of  the  dorsal  funiculi  which  arrire  in  this  region  by 
way  of  the  lemniscus  medialis. 
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Mahaim,  and  others  concerning  the  relative  number  of  ascend- 
ing and  descending  fibres  in  the  fasciculus  longitudinalis  me- 
dialis  and  in  the  other  bundles  of  the  formatio  reticularis  alba. 
Some  authors  hold  that  the  majority  of  the  fibres  are  for  centrip- 
etal conduction;  others  maintain  that  certainly  the  majority 
of  the  fibres  conduct  in  a  centrifugal  direction,  and  that  the 
paths  are  motor,  not  sensory.  The  truth  seems  to  lie  in  a  mean 
between  these  two  extreme  views.  In  all  probability  we  have 
here  to  deal  (1)  with  ascending  or  centripetal  paths  consisting 
of  some  long  inaxones  and  also  of  a  number  of  shorter  super- 
imposed inaxones  (sensory  neurones  of  the  second  and  of  higher 
orders)  by  means  of  which  motor  nuclei  may  be  affected  by  im- 
pulses arriving  along  sensory  nerves  and  possibly  by  means  of 
which  impulses  concerned  in  sensation  can  be  carried  toward 
the  cortex;  and  (2)  with  descending  or  centrifugal  paths  by 
means  of  which  the  motor  nuclei  of  the  rhombencephalon  and 
spinal  cord  are  brought  under  the  influence  of  the  centres  of 
the  midbrain  and  perhaps  of  higher  regions. 

Some  of  the  ascending  fibres  may  pass  directly  into  the  me- 
dial lemniscus,  or  independently  into  the  hypothalamic  region, 
or  from  some  of  the  gray  masses  in  which  many  of  these  fibres 
end  axones  may  be  given  off  which  run  by  way  of  the  medial 
lemniscus  or  through  the  formatio  reticularis  to  join  the  other 
sensory  paths  in  the  hypothalamic  region. 

Just  here  it  may  be  mentioned  that  Ciaglinski  *  has  described 
a  long  centripetal  path  situated  in  the  substantia  grisea  of  the 
spinal  cord.  He  is  of  the  opinion  that  the  bundle  he  describes 
may  have  to  do  with  the  conduction  of  impulses  concerned  in 
pain  and  temperature  sensation.  I  have  no  personal  knowledge 
of  this  bundle,  and  thus  far  I  know  of  no  research  confirming 
the  results  obtained  by  Ciaglinski.  The  subject  of  centripetal 
paths  in  the  substantia  grisea  is  of  course  of  deep  interest  in 
connection  yrith  the  elective  sensory  disturbances  met  with  in 
syringomyelia  and  in  central  haematomyelia. 

The  paths  dealt  with  in  this  chapter  will  be  further  con- 
sidered in  Chapters  XLVIII  and  XLIX.  f 

♦  Ciaglii^ski,  A.  Lange  sensible  Bahnen  in  der  grauen  Substanz  des 
Riickenmarkes  und  ihre  experimentelle  Degeneration.  Neurol.  Centralbl., 
Leipz.,  Bd.  xv  (1896).  S.  773. 

f  Of.  also,  Campbell.  A.  W.     On  the  Tracts  of  the  Spinal  Cord  and  their 
Degenerations.     Brain,  Lond.,  vol.  xx  (1897),  pp.  488-5;i5. 
41 


2.  Central  Neurones,  the  Perikaryoni  and  Dendrites  of  which  are  dtoated  in  the 
Nndei  terminales  of  the  Axones  of  the  Cerebral  Peripheral  Centripetal 
Neurones. 

CHAPTER  XLIII. 


CENTRAL  NEURONES  PERTAINING  TO  THE  N.  VAGUS,  N.  GLOSSO- 

PHARYNGEUS   ET   N.    INTERMEDIUS. 

Cerebral  centripetal  neurones  of  the  second  order — The  nucleus  alip  cineree 
— Studies  of  Roller  and  Holm — The  nucleus  tract  us  solitarii — The 
nucleus  commissural  is. 

We  pass  next  to  the  consideration  of  the  central  neurones 
pertaining  to  the  cerebral  sensory  nerves.  Their  cell  bodies 
are  situated  in  the  various  masses  of  gray  matter  (nuclei  termi- 
nales) in  the  rhombencephalon,  in  which  are  found  the  end 
ramifications  of  the  axones  of  the  peripheral  sensory  neurones 
belonging  to  the  N.  vagus,  X.  glossopharyngeus,  N.  vestibuli, 
N.  intermedins,  and  N.  trigeminus.  The  meduUated  axones  of 
these  central  neurones  pass,  partly  directly,  partly  after  decussa- 
tion, into  the  medial  lemniscus,  into  the  fasciculus  longitudinalis 
medialis,  and  into  certain  other  bundles  which  run  longitu- 
dinally in  the  formatio  reticularis.  The  neurones  here  con- 
cerned connect  directly  or  indirectly  by  means  of  superimposed 
neurones  with  the  cerebrum  through  the  cerebral  peduncle. 
A  few  of  the  axones  doubtless  pass  into  the  cerebellum.  The 
individual  groups  of  central  neurones  can  best  be  understood  if 
each  be  described  separately. 

It  has  been  stated  above  (under  the  description  of  the  pe- 
ripheral sensory  neurones)  that  the  sensory  axones  of  the  X. 
VAGUS,  X.  GLOSSOPHARYNGEUS,  and  X.  INTERMEDIUS  terminate 
mainly  iti  (1)  the  nucleus  alae  einereae,  (2)  the  nucleus  tractus 
solitarii,  and  (3)  the  nucleus  commissuralis  at  the  spinal  ex- 
tremity of  the  tractus  solitarius. 
020 
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The  nucleus  alse  cinereae,  that  obliquely  longitudinal  mass  of 
gray  matter  extending  forward  from  near  the  spinal  extremity 
of  the  nucleus  nervi  hypoglossi  below  to  a  few  millimetres  be- 
yond the  anterior  (or  cerebral)  extremity  of  the  same  nucleus 
in  front,  corresponds,  in  the  floor  of  the  fourth  ventricle,  to  the 
fovea  inferior  and  ala  cinerea  (Fig.  407).  It  is  characterized  in 
transverse  sections  stained  by  Weigert's  method  by  its  poverty 
in  medullated  fibres,  thus  contrasting  strikingly  in  appearance 
with  the  nucleus  nervi  hypoglossi  which  lies  medial  and  ventral 
to  it.  Just  how  much  of  the  nucleus  alae  cinereae  receives  ter- 
minals and  collaterals  from  the  X.  vagus  and  just  how  much  of 
it  receives  fibres  from  the  N.  glossopharyngeus  seems  to  be 
doubtful.  While  some  authors,  along  with  von  KoUiker,*  as- 
sert that  in  microscopic  preparations  it  is  impossible  to  decide 
this  further  than  to  state  that  the  uppermost  parts  of  the 
nucleus  belong  to  the  N.  glossopharyngeus,  and  the  lowermost 
parts  of  it  to  the  N.  vagus,  others,  with  Roller  f  and  Holm,  J 
are  strong  supporters  of  the  view  that  the  nuclei  of  these  two 
nerves  are  entirely  independent  of,  and  on  close  examination 
easily  distinguishable  from,  one  another.  Certain  it  is  that  in 
the  gray  mass  which  we  call  the  nucleus  alae  cinereae  it  is  possi- 
ble to  make  out  more  or  less  distinct  groups  of  nerve  cells. 
According  to  Holm  (Fig.  408),  in  a  section  through  the  middle 
of  the  terminal  nucleus  of  the  vagus,  three  groups  of  cells  can 
be  distinctly  made  out — (1)  a  ventro-medial  portion  of  the  vagus 
nucleus  consisting  mainly  of  large  cells;  (2)  a  dorso-lateral 
portion  of  the  vagus  nucleus  consisting  chiefly  of  small  cells ; 
and  (3)  the  nucleus  of  termination  of  the  X.  glossopharyngeus.* 
The  view  that  the  dorsal  vagus  nucleus  is  not  sensory,  but  a  real 
nucleus  originis  for  motor  fibres  of  the  nervus  vagus,  advanced 

♦  Op,  ciU  S.  240. 

t  Roller,  C.  P.  W.  Der  centrale  Verlauf  des  Nervus  Glossopharyngeus ; 
des  Nucleus  lateralis  medius.  Arch.  f.  mikr.  Anat.»  Bonn,  Bd.  xix  (1880-*81), 
S.  347-888. 

I  Holm,  H'.  Die  Anatomic  und  Pathologic  des  dorsalen  Vaguskerns; 
ein  Beitrag  zur  Lehre  der  Respirations-  und  Hustenreflex-  Centra,  ihrer 
Entwickelung  und  Degeneration.  Arch.  f.  path.  Anat.,  etc.,  Berl.,  Bd.  cxxxi 
(1898),  S.  78-120. 

•  Holm,  from  his  study  of  pathological  cases,  has  concluded  that  the 
centre  for  the  tracheo-bronchial  (coughing)  reflex  is  to  be  sought  in  the 
dorso-lateral  part  of  this  dorsal  nucleus  of  the  vagus,  while  the  true  respira- 
tory centre  belongs  exclusively  to  the  ventro-medial  part  of  the  nucleus. 
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Fio.  407. — Diagram  prepared  by  Miss  F.  Sabin  from  a  series  of  sections  through 
the  brain  of  a  new-bom  babe,  showing  the  nuclei  of  the  cerebral  nerves  and 
the  an*a  of  exit  and  of  entrance  of  the  roots  of  the  cerebral  nerves  in  flat  pro- 
jection, a,  line  of  late^ral  edge  of  fourth  ventricle :  d,  d,  d,  d,  fovea  infenor ; 
f,  fovea  superior:  y,  lateral  surface*,  of  rhombencephalon ;  ///.,  area  of  exit  oi 
N.  <K'ulomotorius :  /T.,  area  of  exit  of  N.  trtjchlearis  ;  T.,  an»  of  exit  and  en- 
trance of  N.  trigeminus ;  VL,  artia  of  exit  of  N.  abducens :  J  7/.,  an?a  of  exit  of 
N.  fau;ialis;  VIJl,  {coch.  >,  area  of  entrance  of  N.  c.ochle«e  ;  VIII.  (teAtib.),  area 
of  entrance  of  N.  vestibuli:  IX.  and  X,  area  of  entrance  of  N.  gloesopharyn- 
geuset  vagus;  A"/.,  an»a  of  exit  of  N.  accessor! us;  XII.,  area  of  exit  of  N. 
hypoglossus;  AVn.///.,  nucleus  N.  oculo-mi>torii ;  Xn.n.IV.,  nucleus  N.  troch- 
learis;  Nu.n.  V.im.p.),  nucleus  motorius  princeps  N.  trigemini;  yu.n.  T/.,  nu- 
cleus N.  abducentis ;  Aa.n.  VII.,  nucleus  N.  facialis ;  yu.a.,  nucleus  ambiguus; 
Sn.a.c,  nucleusaheciuereffi;  AVn.r.}}i.,  nucleus  N.vestibuli  medialis ;  yu.n.v.*., 
nucleus  N.  vestibuli  superior;  Nu.n.v.f.,  nucleus  N.  vestibuli  lateralis  (Deiters); 
iVi(.N.r.d., nucleus  N.cochleeedorsalis;  Nn.n.c.v.,  nucleus N.  cochlese  ventralis; 
Nu.H.XIL,  nucleus  N.  hypoglossi ;  A.d.n.^,  radix  descendens  [mestmcephalicaj 
N.  trigemini ;  R.d.n.v.,  rndix  descendens  N.  vestibuli;  S.g.,  substantia  gelati- 
nona;  T.  ml.,  tractus  solitarius ;  Tr.s.n.t,  tractus  spinalis  N.  trigemini;  Vent., 
ventral  horn  cells.  The  numbers  to  the  left  of  the  drawing  indicate  appr«)xi- 
matcly  the  levels  of  the  corresponding  trans versi*!  sections  n*presented  by 
Figs.  308  to  317. 

The  plane  of  the  sections  from  which  this  diagram  was  made  is  not  quite  trans- 
verse but  somewhat  oblique;  the  dorsal  surface  of  the  medulla  has  been 
struck  by  the  knife  more  ccrebralward  than  tht;  ventral  surface,  the  angle 
formed  by  the  plane  of  the  sc^ction  with  the  longitudinal  axis  lM>ing  approxi- 
mately seventy  degrees,  as  measured  on  the  cerebral  side.  This  accounts  for 
the  evident  (slight)  displacement  cvrebralward  of  the  structures  in  the  ven- 
tral portions  of  the  sections  as  compared  with  those  in  the  dorsal  portions. 
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by  Dees  *  as  a  result  of  study  with  the  method  of  atrophy,  and 
recently  supported  (for  smooth  muscle)  by  Marinesco,  f  as  a 
result  of  his  studies  of  the  nucleus  by  Xissl's  method  after  sec- 
tion of  the  nerve,  does  not  seem  to  be  well  founded.  We  know 
now  that  the  changes  such  as  Marinesco  describes  can  result 


FlO.  406.— r^l  prenretion  from  the 
Ihmiifih  tbe  middle  third  nf  the  n 
r.  path.  Aiutt.,  etc..  Bert.,  Bil..  ci: 


?dulla  r>r  B  child  nix  wiM-ks  nid ;  Hectioa 
Iruitnlieciiii'nw.  lARtT  U.  Holm,  Arch. 
i,  1803,  Tsf.  ii.  Fig.  3. 1 


not  only  from  lesions  of  the  axone  of  a  given  neurone,  but 
also  from  injury  to  other  neurones  the  axones  of  which  bring 
impnlsfls  to  it.    {Cf.  Chapter  XXA",) 

Strange  as  it  may  appear,  the  information  we  possesB  con- 
cerning tbe  course  of  the  axoncs  of  the  neurones,  the  cell  bodies 
of  which  are  situated  in  this  important  nucleus  alie  cinerew,  is 
extremely  meagre.     It  really  amounts  to  a  few  vague  state- 


•  Dees,  0.  Ueber  die  Beziehunjt  de»  Nervua  apcessorius  zn  den  Nii.  vagus 
nnd  hvpoffloMM.  Allg.  Zlschr.  f.  Psyehiat,.  etc..  Berl..  B.1.  iliv  (1888).  S.  656. 

I  Mkrinesco,  G.  Les  noyaiix  mii<vulo-strips  et  niiiBniili)-lisses  du  pneumo- 
gutriqoe.    CompL  rend.  Soc.  biol..  Par.,  10  s..  t.  iv  (1897).  p.  168. 
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ments  as  to  the  origin  of  fibrie  arcuatsa  interna  from  the  DU- 
cleuB,  some  of  which  are  supposed  to  pass  to  the  medial  lemnia- 
CU8,  others  to  the  fasciculus  longitudiualis  medialis  or  to  the 
formatio  reticularis  alba. 


poflterior  GXtren  tv  f  nurleus  N  vtut  bul  red  cia  denrendf  ntu  H  cnm 
BPCtion  of  Irsctun  «l  ton  g  L  flhna  b  nn  to  nuclFUB  ol  vara  Infonor  a 
pyntniiH  h  ci  lUiteml  rrntn  tl  c  pyram  A  and  fn  m  th  Buh«taiitU  alba  Utpnl 
from  it  d  collalenibi  from  Ihe  fasr  cuius  lateralis  propnUB  t  iieiuiaiy  col 
latemls  fur  thr  niii-li'iiii  UDihiituuH: /.  m'urmit  fibrefl  in  motor  roots  which 
niD  towarH  IractUB  ftpinalin  N.  tnK^Tnini ;  j,  cmved  motor  root  fibns  of  K. 
TBffUB  BTid  X.  Kl«*'i>pliHr7ni!fUS :  A.  itnllBternls  of  the  sensory  root  of  th«  N. 


The  views  held  concerning  the  nucleus  tractus  Bolitarii  are 
also  very  divergent.     A  study  of  horizontal  sections  through 
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the  baby's  Tbombencephalon  bas,  however,  convinoed  me  tbat 
while  the  majority  of  fibres  entering  the  tractus  solitarius  and 
terminating  in  its  nucleus  are  derived  from  the  X.  glosso- 
pharyngene,  nevertheless  a  goodly  mimber  of  fibres  from  the 
N.  ragus  also  follow  the  name  course.  It  seems  probable  that 
tbe  ancleus  tractus  solitarius  also  receives  terminals  and  collat- 
erals of  fibres  entering  as  the  N.  intermediua.  The  nucleus 
tractus  Bolitarii,  aside  from  the  nucleus  commissuralis  at  its 


*  (J  410  Tran  v  me  ant  n  thn  ugh 
thf  eve  of  h  nn  u  nmn  iwu 
mm  Stud  uin  d  t  Medulla       I  nm 


D  tranx  em.  na  n 
N  C  /V  d  e  ofnu  u  omiDH 
el  N  K  oflBopbftiTngeuH  ri  comn  iss 
nuclei  9  f  to  bttflsla  fgcnsury  h: 
h.  hrpoglom. 


>  nRHta  uf  a  m  UHi  a 
L.  trtr  R  San  o  7  ^  al  Itf  tiaft 
b  Bn-H  I  pE  IBOe  t  47  (  R 
I       *  N    hyiMK  IDS  d    uwia  o 

rarlu    sul      niw     £     en  iH  pa  h  fa 
1  iH    i      term  uhI  fl  nii  or  N     agus 
forn    d  by        a  piu  a    f  hypciR  wta\ 
uf  he  aeeond  ord     To     h    d        um 


spinal  extremity,  consists  of  a  mass  of  gray  matter  which  sur- 
rounds the  tractus  solitarius  along  its  whole  longitudinal  ex- 
tent almost  like  a  cylinder.  In  this  mass  end  certain  collat- 
erals and  a  few  terminals  from  the  tractus  solitarius,  and 
in  it  are  situated  the  perikaryons  and  dendrites  of  sensory  neu- 
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rones  of  the  second  order.     Whither  their  axones  go  has  not  yet 
been  satisfactorily  determined. 

If  Ramon  y  Cajal's  studies  be  confirmed,  then  the  nucleus 
commissuralis  (his  Commissurenkern  or  ganglion  cmnmissurale) 
must  be  regarded  as  one  of  the  main  depots  of  the  cell  bodies 
of  the  central  neurones  now  being  described.  According  to 
him,*  three  fourths  of  the  fibres  of  the  tractus  solitarius  de- 
cussate at  its  spinal  extremity  and  terminate  in  the  form  of 
a  most  complicated  plexus  of  fibrils  in  this  nucleus  (Fig. 
409).  He  describes  the  cell  bodies  of  this  nucleus  as  being 
small,  spindle-shaped,  ovoid,  or  triangular ;  their  dendrites  are 
delicate  and  almost  smooth.  The  axis  cylinders  are  extremely 
delicate  and  form  small  bundles,  which,  passing  laterally  and 
forward,  reach  the  lemniscus,  some  of  them  crossing  in  the 
raphe.  Isolated  fibres  can  be  followed  through  the  formatio 
reticularis  grisea  to  a  region  (Fig.  410)  which  corresponds  to 
the  path  of  the  axones  of  the  central  neurones  of  the  trigeminus. 


♦  Op,  cit,  S.  46. 
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„_.  n  reprenentlnit  Hut  n^onKtructlini  at  the  nuclei  of  tcTminatinn 

oftlipnii-hlmranil  vrstibalarnerviw.  l  Ant-rKlnit'iiiv;  K.Sabiii,JohnBHiipkiiis 
H.wii.  Hull.,  Bait.,  vol.  viii.  ISHT,  Fig.  1.1  The  line  a,  a  repres'DtH  tlif  lut- 
eal whII  of  the  ventricle ;  the  line  ft  ci>m«ponda  U>  thu  lateral  outlini-  uf  the 
cor|iuN  rentiriinne;  the  line  d,  to  d,,  d,  to  rfi.  nnd  the  line  r,  e.  e  eiirrcspiind  (o 
the  RUlcl  In  the  flonr  o(  the  fourth  vrntriele ;  C.d..  iiurleuB  uen'i  cnehline 
d<in«lis',  r.  p..  nucleus  nervl  eiichkie  vcntialiH ;  the  maduatcd  Hue  Liir- 
rifipondH  to  the  middle  line  cif  tht  floor  uf  the  ventricle;  Floe.,  floevuliw: 
K,  VII,  knee  uf  nerTUH  farinliH ;  L.,  medial  portion  of  aucleus  nervi  veMihuli 
iHterulis  iDiiiters);  L,.  lateral  portiiin  of  nucleus  nervl  Teiitibali  Uleralis 
(lh'iti'ni> ;  Jf.  together  with  1'.  nuclcuH  nervi  v(«tihuli  mrdiali*  (BirhvaltNO  ; 
A'«r.  XII.  nuiteUH  ni-Tvi  hypi^lowii  -.  lYor.  VI.  DUeleUB  nervl  abducvnti5 ;  F.  f.. 
peduiicoluH  fliMTiili ;  X  m.p.V.,  nuclena  motoriua  prini-eps  nervi  tiigemioi ; 
A'.  B.  jr.,  uuclciwciiivnrimmiierior:  -Y.  ».  I'.,  nucli-un  nervl  trljntiilni  (Hennory); 
A',  r..  riHil  liuuille  iif  tiervuH  cuchleie  ;  .V,  mf.,  root  bundle  of  nervuK  vestibuli : 
K.  d.  II.  rr..  nidj.'c  iliiircndi'nii  nervi  veatibull ;  S,.  nueleun  nervi  vmtibul) 
wiIHTir.r  I  l{<chl<-n-H  I  mna  inclcH-d  in  the  hniad  hUck  line);  TV.i.  u.l.. 
triK'tui"  lipinaliH  iii'rvi  Iriiti'iniDi ;  )'.  nucli'Un  jr.  =  antem.Iiitenil  puitiou  of 
nucleus  nervi  vi'stiliuli  mcdialis ;  i.  dei^uBwtiu  nervi  trigcniiDi. 


OROCPIXG  AXD  CHAISIXO  TlWKTIIEK  OK  SKl'ltOSfei.     ifjlt 

of  the  opposite  aide.*  The  majority  of  lUi>  axoiit'o,  fntiu  thi> 
medial  nucleus  and  from  the  iiticlt'ii!)  of  thi<  ili>))ft>i)i)iiiK  or 
spin&l  root,  however,  appear  ti>  run  to  a  region  iu  Ihi'  ttiruiiitio 
reticularis  situated  lateral  and  ventral  fnun  tlic  niirU>iiH  iit<rvi 
abduceotis  (Fig.  il'i),  where  tlicy  utisuinc  u  hnifcitmliiial  iliroc- 
tion.t  sometimes  bifurcating  into  an  asconiling  and  a  di'Hceui) 
inglimb.     A  good  many  of  the  axoiiox  cruiw  tlio  niiddlc  liiii< 


manrdiF^  r^tbr  M«rBd  •<4?i' n«,i.H'><  K.t!.  tiji  ^ 
T.  inrta*  •f«i>li»  X,  •rifO.-.Ll .  F  •'•ryy  •"'  i'^rv: 


and  nacb  a  HBiDir  ~  'jMWnC  rf^'.'.::. 
ait.  A  nvmlcT  rf  tit  '.^lit  '::.  '.:^ 
root  md  tbcsr  anciet  it^/fr^-w  ^', 
with  the  fins  rf  Ti«f  «*"tn.i-:j  'v. 
naaoa  «f  ilicw  sxtoiet  Liw  i>'.r  '•»" 
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The  nucleus  nervi  vestibuli  superior  (von  Bechterew)  con- 
tains large  numbers  of  mnltipolar  cells  of  smaller  size  than 
those  of  Deiters'  nucleus.  The  axones  follow  at  least  two 
directions.     A   part  of  them   pass  through  the  nucleus   and 


lo.  413. — Fmntnl  secUon  through  the  pooH.  inclnding  the  corpiu  nstifnrme, 
IVit<Ty<'  iind  Bechtprew's  nucleus  mill  thi'  vermis  of  the  cerebellum  of  m 
newborn  mouse,  i  After.S.  Rain6n  y  Cii^al.  Beitrag  eudi  Studium  der  Hnlolla 
Ohlonpitii.  itr..  Rreiiler.  18S«.  S.  S5.  Fig.  IS.)  A.  coipUB  reotifonne  mt 
li'nKthwiw :  B.  radii  N.  vcxKhuli ;  T,  ttartus  spinalis  N.  trigemini;  D. 
Tiiii-lciis  fusti^ii:  E.  iiiicIpub  N.  veatibuli  suprriur  Iron  Bccbterewl ;  F. 
HUperior  Pitreniity  of  mirU'iis  N.  vi-stibuli  latemlis  IDeite™"!;  G,  nacleus 
dentatUB :  n.  awundinK  litnlw  of  hlfurvatcd  aioneti  of  N.  vcstibuli ;  b,  cul- 
iHtemU  fnim  tliew  tii  Di-item'  nucleus;  e.  ivdIateralH  from  aiones  of  corpns 
n-stifiirnie :  r,  dewendinK  limhe  of  bifurrntcd  aiones  of  N.  Te<tibiili ;  d, 
aione  from  I'ell  in  BcehU-Tew's  niideus;  /.  eollat«niU  fh>m  tbe  aiones  of 
tlic  i-nrpiiB  mttifomie  to  rhp  ciTchvllar  hemisphere  ;  ji,  flbras  troai  coiptu 
TeKtifomie  which  appfur  lo  liranch  in  the  rerelH-llar  enrtex ;  *,  ooltatrimls 
fnim  the  corpus  rcstifonne  rn  the  vermis ;  i.  frpe  branching  of  an  axons  in 
the  nncli'iia  Qistisi>:  j.  cells  of  tbe  nucleus  faatigii,  tbe  axunes  of  which  enter 
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through  the  brachiam  conjunctivum  into  the  cerebellum,  sppar* 
ently  following  the  same  course  as  the  fibres  coDDectiog  Dei- 
tera'  nneleuB  with  the  cerebellum  {vide  infra).  The  majority 
pass  rentralwsrd  and  medialward  (Fig.  413)  to  the  region  of 


Fin.  414.— Tmuveiw  BMtion  throu)cfa  brain  cif  newbiiru  babo.  Levtl  uf  rijUivuli 
JDfi'riorainf  vorpuia  qiuidrigi'iiiiiia.  i.W('it!<.'rt-Pa1.  srrioit  ii.  ixx'tion  No.  200.) 
Aq.cer.,  aquMiiictUB  wrthri ;  ■,  llbn'a  running  fruoi  hitvtsl  li-niD<)irUH  towaid 
duiml  bonier  of  bmcbiuin  ciiiiiuiHtlvum ;  Br,  (.Imj.,  bnwhium  conjunctmim  ; 
('.r.i.,<:Dniinii«urobctiFLi!U  ttaVniUlruliinftrriiiTiii;  Ike.Beek^tVea.ttti'putttoa 
of  hisi'hium  curgunrtivuni,  which  iu  remlity  fbmu  a  miiinnliMii«  botwcen  the 
raprrioT  nuclei  uf  the  veMibular  ni-rvMnf  the  twoiddn;  .F.^.m^lkarleulnn  lon- 
KitailiiiB.li8inedlBliii;  f./^.. fawiitiU longituilinahv ponth I pyiamldalvs'i :  LX, 
leiDni«eiiH  lateralis  lii  large  purt  IrruiinHtiiiR  in  tlif  nucleus  of  the  vullicnliu 
interior;  £.■•..  Icmnisnu  meilialiB ;  .Y./l'..  N.  trurhlcaris;  .YH.Oid.iu/.  nui'leiw 
colliculi  inferinria;  Kn.cji.il'.  nueteuH  rentmliit  suwiriiir.  lais  Uteraliii: 
iiperior.  paTsmeiiialifl ;  A.if.n.  r..  radiKleKrendcns 
II ;  St.gr.c,  stnittim  Rriwum  cfiitralc.    i.I-^iHira- 


-*.'  n).  Durleus  central  iH  ^... 

tniMieiioephall<«]  N.  triin'inin 
tjon  by  Di.  John  UcwetHcin.  i 


Deitera'  nBclens,  where  some  of  them  probably  end,  though 
most  appear  to  pass  through  the  nucleus  (perhaps  giving  off 
collaterals  to  it)  in  order  to  follow  the  same  course  as  that  pur- 
sued by  the  sxones  arising  in  it.     The  axones  from  Ramun  y 
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Cajars  nucleus  cerebello-acusticus  apparently  follow  the  same 
<;our8e  as  those  from  von  Bechterew's  nucleus. 

Von  Bechterew  *  describes  a  bundle  of  fibres  running  from 
the  nucleus  nervi  vestibuli  superior  of  one  side  to  that  of 
the  other  by  way  of  the  brachia  conjunctiva.  The  fibres  which 
make  up  this  bundle  are  the  first  of  all  the  fibres  of  the  brachium 
conjunctivum  to  become  meduUated,  and  occupy  in  the  middle  of 
the  pons  its  most  ventral  part.  Von  Bechterew  asserts  that  the 
fibres  have  nothing  to  do  with  the  cerebellum,  that  they  run 
forward  as  far  as  the  upper  part  of  the  pons,  but  before  reach- 
ing the  general  decussation  they  leave  the  brachium  conjuncti- 
vum and  pass  over  to  the  other  side  in  the  form  of  a  commis- 
sure. Portions  of  this  vestibular  commissure,  which  is  relative- 
ly independent  of  the  main  decussatio  brachii  conjunctivi,  are 
shown  in  Fig.  414  and  Fig.  415.  The  connection  of  the  axones 
of  these  fibres  with  the  cells  which  give  them  origin  by  Golgi's 
method  has  thus  far  not  been  established.  In  Miss  Florence 
Sabin's  wax  model  of  the  medulla  oblongata,  however,  the  re- 
construction shows  the  intimate  relation  of  von  Bechterew's  nu- 
cleus to  the  ventral  part  of  the  brachium  conjunctivum. 

The  course  of  the  axones  of  the  neurones,  the  cell  bodies 
and  dendrites  of  which  constitute  the  nucleus  nervi  vestibuli 
lateralis  (Deiters),  has  been  studied  by  nearly  all  investigators 
who  have  been  active  recently  in  this  field,  and  he  who  will 
know  this  region  in  its  details  should  study  the  articles  of 
Obersteiner,  von  Kolliker,f  Sala,  J  Held,  *  Ramon  y  Cajal,  |  and 
Risien  Russell.-^  The  cell  bodies  in  Deiters'  nucleus  are  large 
and  multipolar,  resembling  closely,  by  all  methods  of  examina- 
tion (including  that  of  Nissl),  the  motor  cells  of  the  ventral 
horns  of  the  spinal  cord.    The  axones  of  the  cells  are  of  large 

*  von  Bechterew.  W.     Op.  cit,  S.  117  u.  135. 
t  Op.  cit.,  S.  269  /. 

X  Sala,  L.  Ueber  den  Urspning  des  Nervus  acusticas.  Arch.  f.  mikr. 
Anat.,  Bonn,  Bd.  xlii   (1893),  S.  18-52. 

*  Held,  11.  Beitrftge  zur  feineren  Anatoroie  des  Kleinhirns  und  des 
Hirnstamnies.  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1808),  S.  485- 
446. 

I  Ram6n  j  Cajal,  S.  Beitrag  zum  Studium  der  Medulla  Oblongata, 
et<;.     Deutsch  von  Brcsler,  Leipzig  (1896),  S.  67  ff. 

^  Russell,  J.  S.  R.  The  Origin  and  Destination  of  Certain  Afferent  and 
Efferent  Tracts  in  the  Medulla  Oblongata.  [Abstr.]  Brit.  M.  J..  Lond.  (1897), 
i,  p.  1155.    Also  in  Proc.  Roy.  Soc.,  Lond.,  vol.  Ixi  (1897),  pp.  78-76. 
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Pig.  415.— Hnrizontal  twcKon  thnrnxh  tlit.  medulln  pimt,  and  miilbrain  of  a  new- 
horn  babe  Weiftert  Pal  Btainintt  Lutl  of  ii  r^al  part  of  corpus  tiapczol- 
dtnm  and  dorsal  portion  >r  nuckua  oliiaru  iiifiriur  iHnes  ni  set-tiun  Kn. 
122,)  CI  lorpUB  trapPZDidpum  DrcBrdmj  decumatio  lirarhii  conjunctivi ; 
Dfe.Brdtt  (Tommutinre  bclweiii  Bt-tht^rfn  <>  iiuilei  D  t  «  r  doisal  capsule 
of  nucleus  ruber  Fai  flhrfe  annate  mteniie  Fate  rrtrof  fasritulUB  ivtPo- 
fleiuB  Miynertl  Flm  fasiitulus  lungitudmalis  medmlis  Ftp,  buodle 
continuous  with  thi  fimriculUH  IntiniliB  pnipnus  0I  Ihi  curd  t  i  p  <di.  doml 
portion  >f  bundli  continuous  nith  fasrirulua  literalis  pmprius  of  the  cord; 
L.t„  lemniscua  lateraliK  I  in  lemnLirUK  mcdialis  \  ///  radix  N.  oeulo- 
tnobirii  VJfnf  I  mot  ir  mot  nf  \  tmccniinna  \l  senwirT  root  of  N. 
trigeminus  A  \I  radix  N  ablueentl  \  MI  radix  N  faiuilis  pare  se- 
conda;  A  rttt  radii  V  vestihnli  \  \/  radix  N  areeflsorii  \  A//.,  radix 
N.  hfpoBlom  "^nFlm  nuelinfi  rneiiinli  lonvitudinalts  mt^ialts,  or  Da- 
oleoa  commiBHUrffi  pogUn>na  loftrivr  OcnlimotonHAeTit  ot  Darkiwlu  n-itsch ) ; 
Nti.n.JIJ  in  pan  impariif  niiclFug  N  ocnlnmotorii  \hiiIIH  pars  lateral  is 
of  nacleus  N  oculomotoni  Ah  0  11  mu-lens  olivani  superior  Vh.n.c.  I'.. 
□QclFni  V  corhleEe  ventrali^  Nmii  nueleuB  olivana  infenor  Vu.o.n.ni., 
tract  from  Deiters'  oueleus 


nacleas  olivans  accesmnui  nn  dialis     Tr  fr  nn  I>    t 
to  tlie  epiOBl  cord     ( Preparation  by  Dr  John  IItw< 
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c&libre  and  devoid,  or  almost  devoid,  of  collaterals.  The  exact 
couTBeB  which  they  follow  are  still  not  entirely  settled,  but  at 
any  rate,  concerning  certain  groups  of  axones,  we  now  poBsesB 


^f  linn  On  y 

Itnsl       I A  pz. 


F      «7     Traniiv  rae  eecti  a  thn  ufil   the  rh  n  ph      n       a         w  at  the 

Ipve  of  De  em  nn   vu*  and  the  r  rpiM  tww » 
U^l    Br  tiBR  n  n   Stud  am   Icr  M^lulla  Ol  1 

IHM,  8     0    FJR   3       A    fiiBdrulnH  1  njcltiid    n _  ^  ..     .,    

litcialmit  nu   ntornum    P  tru'tiiHRlrf  alli  N  tnmin  ni    /   ni    x  's   fa  la 
F  pyram  i    F      rp\a  tmprao  deun  unci  ■ui  N   ci)i  hi  «        tra  la    // 

rpiu  reabfonne  /  tciant  rr  la  of  •  hMtBntia  jn-latin  tm  at  \  triKfu  iDnii 
M  collateiaU  fnm  ai  nn<  of  fawK  1  a  I  nfdtiidlnalu  m -dlHliK  \  raiibe 
P  vvrt  oil  pa  h  formn  bT  ax  n  ii  f  ur  tun  inales  nn  I'll  I  w  th  the 
N  r  VIII  /r  an  \  R  nni  ni  am  w  nf  uipua  tmpvo  1  ud  e 
ainnpa  from  «■  Ih  th  nu  us  "J  «B-h  w  d  nmlla  J  nuo  uh  N  ittibiill 
latCTalis  i  Dcitcni  i ;  m.  aiiinra  tnim  c^cIIn  in  IVItPTK'  nut'leux ;  u.  aiouca  IVum 
vclla  in  auhfltantia  RelutinuHi. 

definite  information.  Thus  it  ie  known  that  a  large  number  of 
the  axones  pass  doraalward  through  the  nucleus  nervi  vestib- 
uli  superior  (von  Bechtercw)  and  through  tho  bracbium  oon- 
junctivum  into  the  cerebellum.     These  end  in  the  gray  masses 
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situated  in  tho  root  of  the  fourth  ventricle  (chiefly  in  the  nu- 
cleus fastigii,  but  possibly  also  in  the  nucleus  globosus  and 
nucleus  emboliformis)  of  the  same  side  and  of  the  opposite  aide — 
mainly,  it  would  seem,  in  the  latter.  Every  one  who  has  studied 
serial  sections  of  the  new-born  babe's  medulla  and  cerebellum 
must  have  been  impressed  by  the  bands  of  medullsted  fibres 
which  obviously  extend  between  the  nuclei  of  the  roof  and  the 
region  of  Deiters'  nucleus  (Fig.  41C).  Xow,  while  the  majority, 
perhaps,  of  investigators  regard  these  bundles  as  medullated 
axones  arising  from  cells  situated  in  the  nuclei  of  the  roof  and 


tibuU  lot, 


N.  veitibut 
Ifucleun  .V.  each 


FlO.  41H,— Ohliqui;  section  thruutch  tbe  brain  nWm  of  a  newborn  eat  The  conne 
<irilu-)atli  rruni  tile  uncieuH  ni-rvi  veatibuli  iHtciaiis  (Deibra)  to  the  rcnuins 
of  the  vi'iilni-lHtonil  funiculi  U  illiuitrated.  (After  H.  Held,  Ahliandl  d 
math  jihys.  (1.  d.  k.  Siehn.  CiewllM'li.  d.  Wiaseiwrh.,  Uipi.,  Bd.  xriii.  So,  6. 

iwK.'ntr.  ii,  FiR.  8.)  . 

passing  to  Doiters'  nucleus  of  the  opposite  side,  still  von  Kolli- 
kcr's  studies  by  the  method  of  Golgi  show  clearly  that  a  part 
of  these  fibres  represent  axones  passing  in  the  opposite  direc- 
tion, having  their  origin  in  tho  cells  of  Deiters'  nucleus. 
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The  majority  of  the  axones  from  Deiters'  nucleus  do  not, 
however,  pass  into  the  cerebellum,  but,  together  with  the 
axones  from  the  nucleus  nervi  yestibuli  superior,  pass  medial- 
ward,  in  order  to  reach  certain  longitudinal  bundles  of  fibres  to 
be  immediately  described.  The  fibres  passing  medialward  may 
be  divided  into  two  groups:  (1)  those  more  dorsally  situated, 
and  (2)  those  passing  more  ventral  ward.  The  former  group  of 
fibres,  as  Ramon  y  Cajal  describes  them  in  the  mouse,  pass 
from  Deiters'  nucleus  medialward,  avoiding  the  knee  of  the 
facial  nerve ;  they  go  sometimes  behind,  sometimes  through  the 
nucleus  nervi  abducentis,  cross  the  raphe,  and  enter  the  fascic- 
ulus longitudinalis  medialis,  where  they  bifurcate  into  an  ascend- 
ing and  descending  limb,  the  former  often  being  the  stouter 
(Fig.  417).  This  "medial  or  crossed  central  vestibular  path," 
Ramon  y  Cajal  thinks,  is  the  principal  constituent  of  the  fascic- 
ulus longitudinalis  medialis.  The  second  group  of  fibres  pass- 
ing to  a  more  ventral  and  lateral  position  has  been  seen  and 
studied  by  several  neurologists.  Thus  Bruce  *  saw  and  pictured 
it  as  early  as  1889,  and  the  bundle  is  indicated  in  Fig.  150,  page 
382,  of  Obersteiner's  text-book  published  in  1892.  The  bundle 
was  carefully  described  by  Held  f  in  1891  and  in  1892,  and  I 
have  for  illustration  reproduced  one  of  the  pictures  accompany- 
ing his  articles  (Fig.  418).  The  axones  going  into  this  bundle 
have  been  studied  by  Golgi's  method,  especially  by  von  Kol- 
liker  and  by  Ram6n  y  Cajal.  It  may  correspond  to  Ramon  y 
Cajal's  "lateral  or  direct  central  vestibular  path"  (Fig.  419). 
Having  reached  the  bundle  (which,  as  the  figures  show,  is  situ- 
ated laterally  as  regards  the  root  fibres  of  the  nervus  abducens, 
and  dorso-medially  as  regards  the  superior  olive),  the  fibres  turn 
in  it  to  assume  a  longitudinal  direction.  Some,  probably  the 
majority,  turn  down  toward  the  spinal  cord ;  others  turn  up  to 
run  toward  the  midbrain,  while  still  others  bifurcate,  one  branch 
turning  upward,  the  other  downward  into  the  fasciculi  proprii 
of  the  spinal  cord  (Held),  and  in  all  probability  come  into  ana- 
tomical relations  with  the  cell  bodies  and  dendrites  of  the  lower 

♦  Bruce,  A.  On  the  Connections  of  the  Inferior  Olivary  Body.  Proc. 
Roy.  See.  Edinb.  (1889-'90),  1891,  vol.  xvii,  pp.  23-27. 

t  Held,  H.  Die  centralen  Bahnen  des  Nervus  acusticus  bei  der  Katze. 
Arch.  f.  Anat  u.  Physiol,  Anat.  Abth.,  Leipz.  (1891),  S.  271-201.— Die 
Beziehungen  des  Vorderseitenstranges  zu  Bahnen  im  Mittelhirn,  Abbandl. 
d.  k.  Sfichs.  Gesellsch.  d.  Wissensch.,  Leipz.,  Bd.  xviii  (1892). 
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motor  Deurones  situated  in  the  ventral  horos.  The  bundle 
marked  Tr.fr.nu.D.  in  the  accompanying  illustration  repre- 
8ent8  the  system  under  description  (Fig.  420).*    This  vestibular 


Brc^liT,  Ij-ipx..  189e.  S.  se.  Fix.  IB.  I  A.  nui-li'UH  N.  vcstlbuli  UtrnlU 
iDeilFts'i;  B,  nurli'UH  N.  vnitihuli  iiii>iliBlU;  C.tractiie  spinalis  N.  trigrmini ; 
D,  curpas  TMtifunne :  E,  nulli  nurvi  ikcialiH.  pan  spcunda;  G.  rtretuin 
([rimMimai)tntle;  P.  N.  vratihnliin.cvllnofsutwlantiaKclatiDimof  K.  trigrm- 
idub;  6,  latciml  n-ntral  v€«tihutBr  path  ;  d,  central  viiitibulur  path  mchinKthp 
raphu;r.i[eiiu  Internum  IRad.  N.  forialUt;  /,  uitineHrnnn  14.  vestibuli  which 
appt'nT  ti>  Rii  tnmtnl  the  raphe  ;  g,  cullateralH  frum  ct-ntral  vestibnlar  aii>ii« ; 
h.  1>iriin.'utii>n  of  an  aione  coming  from  Deiterg'  nucleus ;  tbu  letter  e  jndi- 


spinal  bundle  will  be  described  more  fully  in  Chapters  LVII  to 
LIX.  The  ascending  fibres  of  both  medial  and  lateral  central 
vestibular  paths  may  be  of  importance  in  furthering  the  trana- 

*  Dciiers'  nucleus  thus  in  all  probability  represents  mi  irapoTtcnt  wajt- 
■tetion  Ixrtween  Ihe  ccrobcllum  and  tbe  spinal  cord.  The  fact  that  manj 
axone»  from  Doiters'  nucleus  pass  Jown  into  the  ventro-Uteral  ground 
bumllo  doubtless  explains  llie  interesting  observation  of  Roller,  who  found 
that  thp  cells  of  Deiters'  nucleus  atrophied  after  section  of  ths  upper  cer- 
vical t-oriL 
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PlQ.  <ED.— Huniontal  MTtioii  M 
bom  habt     Wcitt^rt-l  al  » 
and  lit  nuclvug  rotiLUlnriH  CiKtninti     {Si 
cinnniiHguia   pmt^niir   iinlin      DrrBr 
Dre.BerM    cuDnniffiuru  IxtWHin  Berhtcnw 
tegiuenti    Fat'Cun  i     filmi;  nnuat4e  ml 
cancati      Fe     faxciculUH 


tunjuni-tivi 
IM  HI  ititKn  >u  108.)  f.p.. 
lifUHNitiu  brachii  i  injum'tWi: 
.  nacki  />  (  fil)ni>  tii  dvi'UaaKtlo 
ma'  fnmi  the  nurleiw  funiculi 
huiiillt    fnitn    laarirulus 


ntiiliUinH  f  0  CvNK-uliiN  jcnu-iliii  Flm  fa»i-i(iiliui 
lunsitudinaliH  mdliHllH  /  m  limiiiiiriiH  mi-dlBlit  /  I  limniMiix  laU'inlia; 
Mol.  v.,  radii  iiiutoriiis  N  triKemini  ^  I  //  radix  >  IhcnliH  am  Bpcunds; 
A'.mf.,  radix  N  w-stlhiili  \  If  nidlt  \  aliillii-cnliH  %  MI  radii  N. 
hTpngloBHi  ^  \I  radix  N  HcniMoni  \h  m  IfHa)  nuHpuitN  iKUliimntorii, 
pen  iateraliB  \u  n  III  b)  iiucUuh  N  m-uliiniiitoni,  pnre  imiwr  VH.r.«.(f  i, 
nocleiu  centraliH  HUprnnr  pan  liihTHliK  \dcii(iiiI  niiiiiUH  ccntnln 
superior  pan  miitialix  \b  /  /  nui  Ipils  it  niiiiwi  \tu  rali»  \h  h  tit ,  niu-lMia 
N.  forialii  \n  \rr  nurlinii  V  uKhliir  vintniliK  \Hri  niiiii-iii>  ren- 
traliHinftfriur  \h  r  t  iiurkUH  nUiiilsris  tesmvlili  \it  I  »  niirU us  iatcralia 
Buperior  'tgrr  Htratum  Bn-oiim  nntniYi  "V  ' 
trifieininu 


■  ird    r«i 


miKii       irfrriHll     trHct   from 
tmrtu<<  upmalis  \   tridemini- 
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port  of  impulses  toward  the  cerebral  cortex ;  if  so,  they  are  prop- 
erly regarded  as  axones  of  sensory  neurones  of  the  second  order 
in  the  general  path  from  the  periphery  of  the  body  to  the  somaes- 
thetic  area  of  the  cortex.  The  exact  course  of  the  ascending 
fibres  is  not  wholly  clear ;  those  of  the  medial  path  accompany 
the  fibres  of  the  fasciculus  longitudinalis  medialis ;  *  indeed,  if 
Ramon  y  Cajal  be  right,  they  make  up  a  large  part  of  this 
bundle ;  those  of  the  lateral  bundle  either  join  the  lemniscus 
medialis  or  run  up  as  a  separate  bundle  in  the  formatio  reticu. 
laris,  some  of  them  ultimately,  in  all  probability,  passing  through 
the  tegmentum  of  the  cerebral  peduncle  into  the  diencephalon. 

*  The  afferent  vestibular  impulses  in  the  fasciculus  longitudinalis  me- 
dialis probably  exercise  a  controlling  effect  upon  the  eye  muscle  nuclei.  In 
vestibular  disease  a  peculiar  form  of  nystagmus  is  not  infrequently  met 
with. 


CHAPTER  XLV. 

CENTRAL  CENTRIPETAL  TRIGEMINAL  NEURONES. 

The  substantia  gelatinosa  and  nuclei  tractus  spinalis  nervi  trigemini — Inter- 
stitial cells — Marginal  cells — Deep  or  medial  cells — The  giant  cells — 
Axones  and  collaterals  of  central  trigeminal  neurones. 

The  cell  bodies  and  dendrites  of  the  sensory  neurones  of  the 
second  order  pertaining  to  the  sensory  part  of  the  nervus 
TRIGEMINUS  are  situated  in  the  substantia  gelatinosa  and  adja- 
cent gray  matter.  The  substantia  gelatinosa  adjacent  to  the 
tractus  spinalis  nervi  trigemini  may,  therefore,  be  called  the 
nuclei  tractus  spinalis  nervi  trigemini.  The  large  mass  of 
substantia  gelatinosa  situated  opposite  to  and  somewhat  above 
the  entrance  of  the  nerve,  often  referred  to  as  the  main  sensory 
nucleus  terminalis  of  the  trigeminus,  is  really  only  an  expanded 
upper  extremity  of  the  substantia  gelatinosa,  which  accom- 
panies the  tractus  spinalis,  inasmuch  as  serial  sections  show 
that  these  masses  are  directly  continuous  with  one  another.  A 
portion  of  this  large  main  mass  of  the  anterior  extremity  of  the 
nucleus  is  intercalated  between  the  motor  and  sensory  bundles, 
and  is  possibly  destined  to  receive  the  ascending  limbs  of  bifur- 
cation of  the  entering  sensory  axones. 

These  terminal  nuclei  of  the  sensory  trigeminus  have  been 
studied  especially  by  von  Kolliker*  and  by  Ramon  y  Cajal.f 
According  to  von  Kolliker,  the  cells  may  be  divided  into  two 
kinds :  (1)  large  cells  and  (2)  small  cells.  Their  axones,  he 
believes,  pass  medialward  as  fibrae  arcuatse  intemae,  decussate  in 
the  raphe,  and  turn  to  run  longitudinally,  probably  in  the 
medial  lemniscus. 

Ram6n  y  Cajal's  studies  concerned  chiefly  the  nuclei  in  the 


♦  von  K511iker.    Op.  cit„  S.  281  flf. 

f  Ram6n  y  Cajal,  S.      Beitrag  zum   Studium   der  Medulla  Oblongata. 
Deutsch  von  Bresler,  Leipz.  (1896),  S.  6  ff. 
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mouse.  He  divides  the  cells  of  the  sensory  nucleus  into  three 
zones:  (1)  the  interstitial  cells,  (2)  the  marginal  cells  {Ra^id- 
zellen)^  and  (3)  the  deep  or  medial  cells.  The  interstitial  cells 
are  triangular  or  stellate,  sometimes  spindle-shaped.  They  are 
located  between  the  bundles  of  the  deep  layer  (vide  supra^  p. 
522)  of  tlie  tractus  spinalis  or  between  this  and  the  superficial 
layer.  Their  dendrites  pass  ventrally,  dorsally,  or  medially  in 
among  the  bundles  mentioned.  Their  axones  assume  usually 
a  longitudinal  direction  either  in  the  adjoining  bundles  of  the 
tractus  spinalis  or  in  the  substantia  gelatinosa  itself.  The  cells 
are  nearly  of  medium  size,  although  many  of  them  reach  con- 
siderable dimensions  (Fig.  421,  a). 

The  marginal  cells  form  a  thin  layer  just  medial  to  the  bun- 
dles of  the  deep  layer  of  the  tractus  spinalis.  Many  of  them 
are  spindle-shaped,  others  are  pear-shaped,  the  dendrites  assum- 
ing variable  directions.  The  axones  run  in  part  ventralward, 
giving  off  collaterals  to  the  substantia  gelatinosa  and  being  con- 
tinued as  longitudinal  fibres  of  the  planyrn  Jibrillare  prof  utt- 
dumy  in  part  medialward,  in  order  to  help  in  the  formation  of 
the  central  sensory  path. 

The  deep  or  medial  cells,  those  of  the  substantia  gelatinosa 
proper,  are  very  numerous.  In  shape  they  are  usually  triangu- 
lar or  stellate,  and  can  be  divided  into  giant  cells  and  small 
cells.  The  latter  are  the  more  numerous  and  are  arranged 
chiefly  in  the  form  of  small,  sometimes  indistinctly  limited, 
islands.  These  islands,  which  appear  never  to  be  absent  from 
the  dorsal  region  of  the  substantia  gelatinosa,  consist  of  three 
elements :  (1)  Very  finely  branched  varicose  dendrites,  arising 
from  the  spindle-shaped  or  triangular  cells  and  lying  in  the  in- 
terspaces between  the  islands ;  (2)  extremely  complicated  den- 
drites, which  have  their  origin  in  the  small  cell  bodies  lying 
within  the  cell  islands ;  (3)  a  number  of  very  dense  plexuses 
made  up  of  the  end  ramifications  of  collaterals  or  terminals 

ifrom  the  axones  of  the  tractus  spinalis  nervi  trigemini.  The 
very  delicate  axis  cylinders  of  the  small  cells  of  the  islands  give 
off  branched  collaterals  in  the  substantia  gelatinosa  and  follow 
an  irregular  course,  so  that  Ramon  y  Cajal  could  rarely  follow 
I  them  beyond  the   substantia  gelatinosa  itself.     Occasionally, 

{  however,  he  saw  one  reach  the  formatio  reticularis  grisea,  and 

i  he  assumes  that  such  axones  perhaps  enter  the  central  sensory 

path. 


■ 

1 


f 
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The  giant  cells  are  scattered  irregularly  through  the  whole 
Bubstaiitia  gelatinosa;  the  axonea  from  these  cella  could  be 
easily  and  certainly  followed.     Arising  ordinarily  from  a  deu- 


Fio.  421.— Transvprw  »M-ti..n  thrcjiiirh  the  trartiiR  !iplniitii>  N.  triBiniiiii  and 
adjHCcntsolMtantiaKi'latiniHanfB  ni'nliiirn  mliliit.  (AfU'rS,  Runu'in  y  (^al. 
BeitraK  turn  Studiuni  ilir  Mnliilla  Oliliinjnitn.  i-tr..  Bn^^lir.  lA-ipx..  lUHfl,  S.  8. 
FiR.  3.)  /l.Tcntral  turt  <>rtnii:tiiit!'piiin1iK:  a.  iiiti'mtitinl  <-c1U:  r,  niHndnal 
cell* :  d.  cell  iHlandH  in  KUbKUiiUia  K<'latJniMH  :  r.  snuill  i-r\U  <•(  tbiM'  ixlanilx ; 
/,  HtplUte  Kiant  cclln  ii.it  armiie>'<l  In  islHiidx;  n,  inl.'rinKiilar  ri'llx :  A.  a 
matuinal  cell,  thp  nxnnp  iif  wliii'h  nppi'ars  to  gv  iii'tu  the  tvhili-  MiilwtuniT  or 
into  the  tisctua  apinalis  N.  triecmini. 
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drite  near  the  cell  body,  such  an  axone  turns  dorsally  and  me- 
dially in  the  fonn  of  a  curve,  giving  off  two  or  more  collaterals 
to  the  substantia  gelatinosa  and  to  the  formatio  reticularis 
grisea ;  it  is  continued  finally  after  having  crossed  the  dorsal 
part  of  the  raphe  at  a  level  which  varies  for  different  axones,  as 
a  longitudinal  ascending  fibre  of  the  medial  lemniscus  of  the 
opposite  side.  The  fibre  often  bifurcates  into  an  ascending  and 
a  descending  limb. 

The  axones  of  other  giant  cells  do  not  cross  the  middle  line, 
but,  having  arrived  at  the  dorsal  border  of  the  formatio  reticu- 
laris grisea,  bend  around  in  the  neighborhood  of  the  knee  of 
the  nervus  facialis  to  run  in  a  longitudinal  bundle.  This  bun- 
dle, representing  one  central  path  of  the  trigeminus,  receives 
axones  not  only  from  the  substantia  gelatinosa  of  the  same  side, 
but  also  from  that  of  the  opposite  side.  According  to  Ram6n  y 
Cajal,  it  finds  a  special  location  in  the  formatio  reticularis  alba, 
close  to  the  central  longitudinal  path,  made  up  of  the  axonea 
of  sensory  neurones  of  the  second  order  associated  with  the 
nervus  vagus  and  nervus  glossopharyngeus. 

Other  axones  from  the  substantia  gelatinosa  may  follow  a 
still  different  course,  but  for  the  details  the  reader  is  referred 
to  the  original  contribution  of  Ram6n  y  Cajal.  All  important, 
however,  is  the  observation  that  the  axones  of  the  central  neu- 
rones now  under  description,  in  their  transverse  as  well  as  in 
their  longitudinal  course,  give  off  collaterals  into  the  formatio 
reticularis  grisea  and  alba,  some  of  which  certainly  reach  the 
motor  nuclei,  in  which  are  situated  the  cell  bodies  and  dendrites 
of  the  lower  motor  neurones,  the  axones  of  which  go  to  make 
up  the  nervus  facialis  and  the  motor  part  of  the  nervus  vagus 
and  nervus  glossopharyngeus.  In  Fig.  422  are  shown  some  of 
the  fibres  of  the  trigeminal  path  entering  the  bundle  continu- 
ous with  the  ventro-lateral  funiculi  of  the  cord. 

While  many  of  the  axones  of  the  central  neurones  just  do- 
scribed  are  concerned  in  more  or  less  complex  reflex  activities, 
certainly  some  of  them,  either  directly,  or  indirectly  by  means 
of  neurones  of  a  higher  order,  take  part  in  the  formation  of  the 
longitudinal  bundles  which  go  through  the  tegmentum  of  the 
cerebral  peduncle  into  the  hemisphere. 

The  two  human  cases  reported  by  Hoesel  *  make  it  seenx 

*  Op.  c\t..  Chapter  xlvii. 
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likely  that  the  central  trigeminal  conduction  path  is  a  crossed 
path  terminating  in  the  central  gyri  of  the  pallium.  The  indi- 
cations are  that  it  is  interrupted  in  the  ventro-lateral  ^oup  of 
nuclei  of  the  thalamus.  If  this  be  the  case,  then  in  the  trigem- 
inal conduction  paths  at  least  three  neurone  systems  are  super- 
imposed, the  crossing  taking  place  in  the  domain  of  the  system 
of  the  second  order.  This  view  has  been  confirmed  by  the  ex- 
periments of  Wallenberg.*  x\fter  injury  to  the  substantia  gela- 
tinosa  in  the  upper  cervical  cord  on  one  side,  he  found  degenera- 
tion of  a  bundle  of  fibres  which  crossed  the  raphe  ventral  to  the 
nucleus  X.  hypoglossi,  and  then  ascended  in  the  formatio  re- 
ticularis, being  at  first  situated  medio-dorsally  and  higher  up 
latero-dorsally.  Having  reached  the  level  of  the  hilus  thalami 
the  fibres  entered  the  lamina  medullaris  medialis,  and  a  large 
part  of  them  ended  in  the  ventral  group  of  nuclei  of  the  thala- 
mus. Another  group  of  degenerated  fibres  could  be  followed 
by  Wallenberg  across  the  raphe,  thence  by  way  of  the  inter- 
olivary  layer  and  medial  lemniscus  to  the  ventral  part  of  the 
thalamus. 


*  Wallenberg,  A.     Zur  secundilren   Bahn  des  sensiblens  Trigeminus. 
Anat.  Auz.,  Jena,  Bd.  xii  (1806),  S.  95-110. 
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8.  Oentnl  Venronet,  the  PtfrilourTOiii  and  Dendrites  of  whieh  are  litnated  in  the 
Cerebellnm,  the  Axonet  mnning  Cerebralward,  and  pouibly  repreeenting 
Indirect  Central  Centripetal  Condnetion  Paths. 


CHAPTER  XLVI. 

THE    SOM.ESTHETIC    PATH    TO  THE   CEREBRUM   BY   WAY    OF  THE 

CEREBELLUM. 

Cerebello-cerebral  paths — ^The  brachium  conjunctivum  or  superior  cerebellar 
peduncle — Experimental  degenerations — Degenerations  in  human  cases 
— Myelinization  of  the  brachium  conjunctivum — Studies  by  Golgi^s 
method — The  fasciculus  cerebellaris  lateralis  dcscendens. 

Taking  a  backward  glance  for  a  moment,  it  will  be  seen  that 
from  all  the  groups  of  sensory  neurones  of  the  second  order, 
pertaining  to  the  spinal  and  cerebral  nerves  which  bring  im- 
pulses concerning  the  body  itself  into  the  central  nervous  sys- 
tem, there  are  axones  (aside  from  those  of  short  paths  mediat- 
ing reflexes)  passing  in  two  main  directions:  (a)  toward  the 
cerebral  hemisphere  by  way  of  the  tegmentum  of  the  cerebral 
peduncle ;  (b)  into  the  cerebellum.  Of  the  former,  the  groups 
of  axones  going  to  make  up  the  medial  lemniscus,  the  fascicu- 
lus longitudinalis  medialis,  and  certain  longitudinal  bundles  in 
the  formatio  reticularis  will  be  recalled ;  of  the  latter  will  be 
remembered  the  fasciculus  spino-cerebellaris  dorso-lateralis  or 
direct  cerebellar  tract  of  Flechsig,  the  cerebellopetal  systems 
in  the  fasciculus  ventro-lateralis  (Gowersi),  the  fibrae  arcuatae 
extemsB  ventrales  et  dorsales  pertaining  to  the  spinal  paths,  as 
well  as  certain  less  definitely  worked  out  cerebellar  connections 
of  the  nuclei  of  termination  of  the  nerves  of  the  rhomben- 
cephalon. Further  must  be  mentioned  the  fact  that  from 
many  of  the  axones  from  the  nuclei  of  the  dorsal  funiculi,  as 
they  pass  through  the  stratum  interolivari  lemnisci,  there  are 
given  off  collaterals  to  the  nucleus  olivaris  inferior.  Thence 
the  cerebellum  may  be  influenced  by  the  fibrae  olivocerebellares. 

G47 
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The  question  naturally  ariees,  Can  theae  nerve  fibres,  which 
run  in  to  terminate  in  the  gray  matter  of  the  cerebellum,  help 
to  carry  impulsea  toward  tlie  cerebral  cortex  by  meane  of  neu- 
roneB  of  a  higher  order?    That  they  can  do  so  seemci  fairly 


Fio.  423. — Hnrizimlal  ayrtl'in  of  the  cetebellum  pniefiiK  through  the  marxiiuil 
thli^kpniuj^  iif  the  liiiKula.  (Afbr  B.  Htillinjt.  Ncuc  Untvrauch.  d,  d.  Bbq 
A.  kli'iiK-ii  (hliiniB  d.  Menivh.,  ()ii«cl.  ISTM.  T^f.  iv,  Ff)[.  98.  taken  Traai 
J.  Henlr.  HHiiilhuih  iter  Nervenlolire  dm  Mcnwhen.  11.  Aull.,  Brantmrh.. 
ISTB.  S.  25H.  Pijc.  ITS.)  req.  hrachiumionjuiictivuiii;  Of,  nuileiu  denUtus: 
J-,  Tiuclcus  ('□ibvlifiiruiiH :   y.  y,  parte  of  tbe  Ducleua  globoaus;   i,  duclcun 

certain,  partly  from  clinical  evidence  that  need  not  now  be 
discuBsed,  and  partly  from  anatomical  findings  to  be  imtne- 
diately  mentioned.  We  have  seen  that  the  axoncB  entering  the 
cerebellum  from  the  nuclei  of  termination  of  the  sensory  nervee 
do  so  chiefly  by  way  of  the  corpus  rcstiforme  {inferior  cerebeUar 
peduncle) ;  a  few  of  them  enter  by  way  of  the  bracbiam  con- 
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juactiTum  (superior  cerebellar  peduncle)  and  velum  meduUare 
anted  us  (for  example,  a  part  of  Oowers'  tract),  and  a  few  possibly 
through  the  brachium  pontis  (middle  cerebellar  peduncle). 
These  axones  terminate  chiefly  iu  the  cortex  of  the  vermis ; 
Bome  terminals  as  well  as  many  collaterals  go  directly  to  the 
nucleus  dentatus,  others  to  the  nuclei  fastigii  and  adjacent 
maases  of  gray  matter.  (The  groga  relations  of  these  nuclei  to 
one  another  are  shown  in  Fig.  423.)  There  is  evidence,  further, 
that  the  nuclei  dentati  and  nuclei  of  the  roof  are  manifoldly 


Tio  4S4  Pirt  of  a  trannvprsp  ecrt  un  thrciiRh  the  reTe)>elluin  and  n  ilulla 
hlonftsta  f  &  bunuin  rnihrvo  44  m  1  tik  stHiuii  k  l>y  ^  K  rt  n  uietl  id 
\rter\V  von  Bechtf  rew  D  Liitunipibalii  nil  C  h  m  un  1  Ru  Item  lark 
DcutsLh  von  R  HenlHi^  II  \uH  Ixipz.  18»a  S.  3H5  tin  373  ed 
nucleus  dentalug  mi  nu  leuHen  bulif  nniH  Hg  nucleuHglulHiiiuB  nt  iucIfub 
CMtifni  I  rorMx  uf  tcrmw  fW  d  n»l  /«  nilddl?  fv  vvntnil  lundlv  «f 
hrarhium  conjunrtivun  n  I ///  ud  nn  h  visdihuli  rapin  r  fat  III 
flbrvs  eilendins  b«twMn  the  nu  1  uh  N  \raUball  mprrior  ai  I  ll  r  nu  leua 
K  vmitlhuli  lat^ralm  on  the  oni.  hnn  I  and  the  uurlpi  of  th  «  r  licll  im 
Icaprcially  the  nurl^uii  tclobcisuii  uiid  thv  nuclfus  cnilxiUromiiH  f  un  tlic  utlicr; 
JTo.  flhnifl  of  tlie  cuipuH  irstifornit'  from  thi-  nucleus  riiniviili  ftmriliH  by  way 
of  the  fihm  arcuattv  I'Xtf'mie  vi'iitralcH ;  foi,  unn-mi-^Iiillatefl  Slim  ciTrhellu- 
olivarc« :  fer.  flhres  in  cnrpux  n-«lifiirnn'  oinvspouiliiiB  tn  r  1 1  the  fawiralua 
gpiniM^erehpllariB  dnrvo-luteralis,  <2>  tht'  flbnw  from  llir  iiutlciiH  funiculi 
cnneati.  and  (3)  the  Hbn-x  fnim  tbe  nuclei  funiviili  1ntcral»: /lU.  Inna  of 
fibres  from  the  nuclei  faatiRii  to  tlie  imcb'UK  ulivnri!'  sli[KT)or  anil  tii  tlie 

nucleuHN.  vetttibuli  lateralis  (of  Deiterei;  /«(.  fibres  i;i "     -  -  '    -- 

fiwtigii  and  tlic  corifi  of  thi'  venniii:  fug,  tWmit  f- 


globOBUB  and  tbe  nucleus  ei 


is  with  llip 


i.f  tbi'  1 


;  lliL'  nucleus 


connected  by  moans  of  associative  neurones  with  the  gray  mat- 
ter of  the  cortex  of  the  vermis  (Figs,  iii  and  435). 


650  THE  NERVOUS  SYSTEM. 

Given  these  conditione,  it  is  not  difficalt  to  find  sn  anatomi- 
cal path  which  could  serve  for  the  further  conduction  of  sen- 


Fio.  425.— Trannvpnie  Mvtinn  of  mednlla  oblongata  and  ferebellmn  of  Dewborn 
child,  (Srrius  ii.  ncction  Nil.  1411.  j  C'.r..  rorpuii  rcstifunne  (the  part  mcdul- 
lattil  corrvspondB  in  thu  nuiin  to  tlie  dirwt  cerebellar  tract) ;  F.i.,  bundle 
(MintinDouH  with  the  funiculus  iHtenliB  of  the  ctird  :  >'.I.iii.,  baciculns  longi- 
tadinaiismt.'dialiH:  S'.IX.X..  N.  glosBophsiyngeus  et ynpis :  S.Xll..  N.  hrpo- 
glossuKi  A'u.'l,.  nucleus  dentHtuii ;  Xa.n.c.d.,  nucleus  N.  roch1e«  donalts 
nhiiwu  more  t;rp'™lly  ""  opposite  side  of  figure  ;  A'n.n.c.nt.,  nuHeUn  N.  ves- 
tibuli  medialut:  XH.o.a.d..  nucleus  olivsris  arertooriuii  dorsaliii:  Na.a.n.m., 
nucli'us  iilivaris  acccBiwriiiB  medialia;  A'ti.o.t..  nucleus  oliTBris  inferior; 
A'K.f.i..  nucleUB  traetus  sulitnrii ;  P.f.,  pcdunculus  flucculi;  Pf^  pyrunia: 
Hd.n.TtKt.,  mdix  dcscendens  N.  veBtibufi :  fV.i.l.,  stratum  interaMvare  lein- 
niiN-i :  >X,  pluiiu  of  loneitudiiwl  section  No.  eS.  (Notk.— This  flgare  has 
been  disproiKjrtionately  redawd  in  the  reproduction,] 

scry  impulses  cerebralward.  The  axones  of  this  path  *  consti- 
tute the  main  portion  of  the  brachium  conjunctivum  f  (Figs. 
426  and  427). 

The  study  of  degenerations  in  pathological  cases  in  boman 
beings  (Turner,  v.  Monukow,  Turner  and  Charcot),  and  after 
experimental   section   of  the  brachium   conjunctivum  in  ani- 

•  Van  Oehuchtcn's  foiV  (MMlo-eirebrale. 

t  The  brachium  conjuni^tivum  was  flrst  pictured  bj  LeTeill«.  It  was 
caretully  liescribod  by  Stilling  as  the  proeeMua  etrthtlli  ad  esrtbmm.  Stii- 
liniE'g  picture  is  reproduced  in  Pig.42S.  In  Bnglieh  books  it  is  ii>aBUj>ra- 
ferrnl  to  as  the  superior  cerebvllar  peduncle. 
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mals,*  have  led  to  resulte  which  have  been  interpreted  in  difler- 
ent  ways.  There  is  abundance  of  evidence  to  show  the  inter- 
dependence of  one  cerebral  hemisphere  and  the  opposite  cere- 
bellar hemisphere  (1)  by  way  of  the  brachinm  conjunctivum,  and 
(3)  by  way  of  the  brachiom  pontis.     That  the  connection  is 


Fio.  *26.— Tmnsrerae  iectioD  through  iKthmiu  rhombcncpphAli  of  newborn 
Ube.  IWeigert-P&l.  serira  ii.  sntiun  Nu.  268.)  Br.enn}.,  hrochium  run- 
janctivnm ;    C.i..  colliculug  iaftriur :    ■,.  niicltUH  dewrihed  hy  Wtwtplul  M 

[irob^ly  concerned  in  the  urigin  ur  the  N.  trochlrsrin ;  F.i.m.,  &iviculiu 
angitndinalis  medialis;  f',/^,,  raHciculi  lunKitudinalc*  [pyramidal™];  /„/.,• 
letnniaciui  lateralis:  L.m.,  lemniitcuH  mediali* :  S.IV..  dccunHitio  ni-rvriram 
trocblesriuip ;  N.V.,  N.  trigeminuH:  Xa.l.l,,  ducIvuh  IrniniHci  UUralin : 
Na.r.Lj  noclens  TCticulariH  trmnptiti  pontis :  R.d.  I'.,  railii  dpH-endi-DB  [atencD- 
cepbslioi]  nerri  trigeinini.    i  t'reparHtion  by  Dr.  John  UcwctHon.l 


•  Foral.  A.  Tagebl.  der  Verhandl.  der  NHturt.  in  Salzburg.  1881.  SeltL 
ivjii.Siti..  SepL  19. — *on  Mon&kov.  C.  Stric  acusticiv  und  untere  ^chleife. 
Arch.  t.  PBychUt.  n.  Servenkr..  Betl.,  Bd.  ixii  (1890),  S.  1-26.— Cramer,  A. 
Einaeitige  KleiDhimUrophie  mit  leichter  atrophic  der  f^krcuzten  Cross- 
him-HemiqihiTe,  nebst  einem  Beitrsg  zur  Anatomic  der  Klein  hi  mBlicle. 
Beitr.  z.  patk  AnaL u.  z. allg.  Path..  Jena,  Bd.  li  (ISni). .S.  30-58.— Ma haim,  A. 
Recherches  mr  la  «tracture  anatoinique  du  nnjaii  rouge  et  ses  connexion* 
a*ee  le  pMoncule  cfrebelleui  luperieur.  Bnii.(l804),  F.  Ilajez,  44  pp., 
5  pL.  8to.     Aim  in  Mem.  oonron.  Acnd.  de  roj.  mrd.  de  Belg.,  Brni.  (18M). 
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not  direct,  however,  is  shown  by  the  fact  that  after  cerebral 
lesion  the  changes  in  the  cerebellar  peduiiclcB  (auporior  and 
Diiddle)  are  thost;  of  simple  atrophy  rather  than  of  actual 
secondary  degeneration.     It  further  appears  that  after  experi- 


jr  thv  brain.    (From  A.  Bauber, 
\uti..  Ui\a..  IHW.  Hd.  ii.  K,  438, 

rig.  ooi.)      I,  iDBiuiiiiiH ;  ;.  iiuiii'iis  niwr;  J.  nui-li'iin  dciilHtus it-ri'U'lli ;  J. 

brai-bium  conjunctJvuni :  s.  )>iiii<lli'  rnmi  the  iiiii'Icuh  nilHT  tu  tlic  IhnlHiDu* ; 

6,  ladUtion  frum  lliu  rvBiun  uf  tUi-  nucti'US  niU-r  in  llii-  caiMula  interna. 

mental  section  of,  for  example,  the  right  brachium  conjunc- 
tivum,  all  or  nearly  all  the  fibres  degenerate  through  the  de- 
cussation •  to  the  red  nuc-leua,  and  there  results  not  only 
alteration  in  the  cells  of  the  nucleus  dentatua  and  cerebellar 
hemisphere  on  the  side  of  section  (Mahaim),  but  also  atrophy 
of  the  posterior  part  of  the  re<l  nucleus  of  the  opposite  side, 
the  cells  of  the  anterior  part  of  the  red  nucleus  and  a  few 
scattered  cells  in  the  posterior  part  remaining  intact  (Forel, 

*  The  decussation  fliorseshcit  commissure  r)(  Wemekincb)  is  siruated  just 
Tcntral  to  the  inferior  colliciiliis  ot  the  cnrpora  (iiiailrigeiniim  (Figs.  429  and 
480). 
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Gudden,  Mahaim).  While  some  authorities  believe  that  the 
fibres  of  the  brachium  conjunctiTum  have  their  origin  in 
the  cerebellum,  others  think  that  they  originate  in  those  cells 
of  the  red  nucleus  which  atrophy  on  section  of  the  brachium 


■DKflr.&nj 
5.n. 


Fio.  <39. — Trauavprse  Kction  thniUKh  mpHncephsloD  or  Dcwbom  babe.    Level 


lliculi  HU|N;ri<iivH  of  corpora  ciuailrigeminA.  (Weigen-Pal,  aeTiea  ii.  nrc- 
tion  No.  338.)  Aq.cer.,  aquvtluetUB  cprcbri;  Dec.Br.{!mi„  decumntio  bisthii 
conjuDctivi ;  />.(..  ilecueeatio  ti'Riiirnti  TvntmliH  (khItoIb  Haabenhrnatiiif  at 
Forul) ;  F.l.m.,  fost^iculualoiiKiCudiaHliBQiciiiiilU:  f.JV.,fiuKiculi  prnunidsUa 
in  the  pars  baailaiis  pontia:  L.m..  \emaiiKU*  medialis;  N.IV.,  N.  trocbtearia  ; 
A'h./.«.,  nurlruB  latcraliH  superior  of  Flwhaig;  A'u.n./r..  nuclciu  N.  troch- 
learis;  st.atb.p.,  atratum  album  profuDdum :  ^.gr.c,  stratum  griKom  ceo- 
tnile;  -S.h..  substantia  nigra.    < Prcparatioii  by  Dr.  John  Hewelsim. ) 

conjunctivum,  and  that  they  do  not  begin  in  the  cerebellom 
but  end  there.  The  ezperimentB  in  which  one  half  the 
cerebellum  has  been  extirpated  *  have,  on  the  whole,  afforded 

•  Vejfts,  P.  Et  peri  men  telle  Beitrtlge  zur  Keontnias  dor  Verbindungs- 
bahnen  Aea  Kleiiihirns  tind  des  Vertaufa  der  Funiculi  graciles  und  cuaeaU. 
Arch.  (.  Psythiat..  etc..  Bcri..  Bd.  nvi  (1885),  a  3(»-ai4— Marchi.  V.  Dm 
d^genfrationa  conspculives  a  I'eitirpation  lotale  et  partisUe  du  cerrelet. 
Arch.  ital.  de  bio]..  Turin,  t.  vii  (1886),  pp.  357-362.— HingudDi,  0.  Sulle 
degenerazioni  consecutire  alle  estirpazioni  emJMTebellftri.  Riocrcke  n. 
lab.  di  anat.  norm.  d.  r.  Univ.  di  Roma.  vol.  iv(1894),  pp.  7S-134.— Rambo  j 
Cajat.S.    AtgunaacoiitribiicionesalconocimientodelosganglioadeleDmfalo. 
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no  more  exact  conclusions,  though  March!  asserts  that  the 
fibres  of  the  brachium  conjunct! vum  do  not  undergo  complete 
decussation,  since  he  can  follow  a  small  bundle,  past  the  region 
of  crossing,  directly  to  the  thalamus  of  the  same  side.  This 
uncrossed  bundle  of  Marchi  appears  to  be  reinforced  to  a  slight 
extent  by  the  medullated  axones  of  cells  situated  in  the  part  of 
the  nucleus  ruber  designated  by  Mahaim  as  the  "  nucleus  mini- 
mus "  (von  Bechterew).  Ferrier  and  Turner  describe  complete 
degeneration  of  the  brachium  conjunctivum  after  extirpation 
of  the  lateral  lobe  of  the  cerebellum. 

Von  KoUiker  ♦  interprets  the  findings  in  the  cases  of  sec- 
ondary degeneration  above  referred  to  differently  than  do  some 
of  those  who  have  carried  out  the  experiments.  He  believes 
that  the  majority  of  the  fibres  of  the  brachium  conjunctivum 
arise  in  the  cerebellum,  run  cerebellofugally,  and  nearly  all 
undergo  decussation ;  part  of  them  end  in  the  red  nucleus  of 
the  opposite  side,  especially  in  its  posterior  part  (that  region 
which  atrophies  after  section  of  the  brachium  conjunctivum) ; 
part,  on  the  other  hand,  go  through  the  red  nucleus,  with- 
out ending  in  it,  to  join  the  bundle  of  fibres  lateral  from  it 
and  to  enter  the  area  in  the  hypothalamic  region,  known  as 
Forel's  "  Feld  H,"  to  be  referred  to  later.  Held  f  believes 
that  the  majority  of  the  fibres  of  the  brachium  conjuncti- 
vum arise  in  the  nucleus  dentatus,  a  view  quite  in  accord 
with  the  observations  of  Menzel,  Amdt,  and  Dejerine, 
which  prove  that,  in  lesions  of  the  cerebellum  involving  only 
the  cortex  and  subjacent  white  matter,  no  marked  altera- 
tions in  the  brachium  conjunctivum  or  in  the  red  nucleus 
result. 


ii.  Ganglios  cerebelosos  vi.  Conexiones  distantes  de  los  cclulas  de  Purkinje. 
Anales  de  la  Sociedad  espaflola  de  historia  natural,  Madrid,  1894. — Russel, 
J.  S.  R.  Degenerations  Consequent  on  Experimental  Lesions  of  the  Cere- 
bellum. Proc.  Roy.  Soc.,  Lond..  vol.  Ivi  (1894),  pp.  308-3a5.— Ferrier,  D.. 
and  W.  A.  Turner.  A  Record  of  Experiments  Illustrative  of  the  Symp- 
tomatology and  Degenerations  following  Lesions  of  the  Cerebellum  and  its 
Peduncles  and  related  Structures  in  Monkeys.  Phil.  Tr.  Lond.  Soc.,  vol. 
clzxxv  (1894),  B.,  pp.  719-778. — Thomas,  A.  Le  cervelet :  etude  anatomique, 
<:linique  et  physiologique.    8vo,  Paris,  1897. 

♦  Op.  eit^  S.  450. 

f  Held,  A.  Beitrftge  zur  feineren  Anatomie  des  Kleinhirns  und  des 
Hirnstammes.  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1893),  S. 
435-446. 
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Fia.  430  —Hunzontnl  six-(ii>n  thnrntth  th«  ninlalbi  pong  and  midbrain  of  k  dcw- 
biirn  IhiIh  \\t.lK(rt  1^1  stuining  Jjcvel  iif  di-caxeatiu  bnichii  I'onjunctivi 
anil  if  iiuileim  ntKulans  tPKminti  fStriw  in  spction  ^D.  106.)  C.p,, 
cummissiint  piMtctiur  iirehn  DteBc  deraiimtio  brechii  cui^unctiTi : 
Dee  Sttrhl  iiiiDIiiiiHUri  b>  tnitn  Bc(htt.Tew  8  iiurln  Dt  fibm  tu  decunatio 
tPKniiiiti  Fo*  <^'  Rhnt  xnuatte  mtcrUK  frum  the  nucleus  AinicuU 
cunntli  Ft  fkMkulna  luneittiis  Fe  to  Ft  bunillp  from  EuciculiM 
cUDUituH  to  fiirmatio  ntiiiibinb  Fg  fiianculaii  gniLilia  f  (,■>.,  (wcIcdIiu 
loDKituilinalis  nM^uIiii  f  n  li  iDniw.us  iDvdialix  /  (  Icmnisciu  latcralia  ; 
Mot  \  iwlii  m'ltonUH  \  tnicemini  \  MI  radix  V  fiicialis.  nn  srmiHt*; 
Srti-l  nulix  N  \rstiliiili  \  1/  radix  V  abducentu  ^  Xll.,  radix  N. 
hTpuflbiiwi  \  \/  radix  N  uccfwuni  httnllUa)  nuclcunN.  ocnlomotorii, 
parf  LiU  rails  %(in///iA1  iiuHiuh  \  uculomulf  ni  para  impar;  M>.<.(.(h, 
DniiiuH  tviitmlm  huihtiiit  pan  lalcralu  AHCdni)  nucleni  centralii 
tupprlor  inn  iih^ibIm  \nH  uikIfus  lemauci  lateralis  Ah  ii.FV/.,  nncleiu 
N  fktuliN  \b  Nrr  nudiuf  N  cmhlew  vpiitrahs  %■  c;i .  naclras  cen- 
traliHiDfirior  Norf  nurltus  nticuluna  tesmtDli  AhFi  nucleus  Utcnlia 
mipprior     Vprf     stratuui  irniieuni  centrale     ^«.I-     tBoaorj  root  of  N. 

tiifiemiDus     •«(/     siibittHntin    ReUtiiKwa  Bolandi      Ttfru     "     * 

Oeiters   nu(ti-u«  tii  tbe  spinal  cord    Tt  a  f     trattua  aplu 
^^  (Preparation  by  Dr  Johu  HcweUun  ) 


tract  f 
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In  a  case  reported  by  von  Monakow,*  in  which  there  was  a 
defect  in  the  right  cerebral  hemisphere,  and  also  a  large  defect 
in  the  left  cerebellar  hemisphere,  no  marked  secondary  degen- 
eration occurred  in  the  brachium  conjunctivum,  but  only 
secondary  atrophy  (diminution  in  calibre  of  the  individucJ 
fibres).  It  is  of  great  importance  to  note  that  in  this  case  von 
Monakow  explicitly  tells  us  that  the  corpus  dentatum  was  not 
injured.  He  further  believes  that  the  fibres  of  the  brachium 
conjunctivum  which  extend  beyond  the  red  nucleus  probably 
arise  in  the  opposite  cerebellar  hemisphere,  and  end  free  in 
the  gray  matter  of  the  tegmentum.  Von  Monakow  is  of 
the  opinion,  therefore,  that  the  brachium  conjunctivum  con- 
tains both  centrifugal  and  centripetal  fibres,  and  that  it  is 
preferably  the  latter  which  undergo  atrophy  of  the  second 
order  after  defects  in  the  pallium,  so  that  any  direct  connec- 
tion of  the  brachium  conjunctivum  with  the  cortex  can  be 
safely  denied. 

Thomas  f  followed  by  Marchi's  method  degenerated  fibres 
not  only  to  the  nucleus  ruber,  but  also  beyond  it  to  the  ventral 
part  of  the  thalamus.  No  fibres  could,  however,  be  traced 
beyond  the  thalamus  to  the  nucleus  lentiformis  or  to  the  pal- 
lium. Mirto  I  makes  the  fibres  of  the  brachium  conjunctivum 
end  chiefly  in  the  contra-lateral  nucleus  ruber,  but  partly  also 
in  the  ventro-lateral  region  of  the  thalamus.  According  to 
Flechsig,  some  of  the  fibres  go  to  the  nucleus  lentiformis  by 
way  of  the  dorsal  white  matter  of  the  nucleus  hypothalamicus 
(corpus  Luysii),  otherwise  known  as  Felds  of  A.  Forel.  He  is 
of  the  opinion  further  that  a  certain  number  of  the  fibres  pass 
out  to  the  cerebral  cortex,  terminating  there  in  the  region  of 
the  gyri  centrales.  The  upper  portion  of  the  somaesthetic  path 
to  the  cerebrum  by  way  of  the  cerebellum  will  be  described 
more  fully  in  Chapter  L. 

A  study  of  the  stages  of  myelinization  of  the  brachium  con- 
junctivum makes  it  seem  extremely  probable  that  fibres  of 
different  systems  are  contained  in  this  bundle.     Thus,  von 


♦  von  Monakow,  C.  Archiv.  f.  Psychiat.  u.  Nervenkr.,  B^rl.,  Bd.  xxTii 
(1895). 

t  Pp.  cit. 

X  Mirto.  Sulle  degenerazioni  secundari  cerebello-cerebrali.  Arch,  per 
le  sc.  nied.,  Torino,  vol.  xx  (1896),  p.  19. 
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Bechterew  *  distinguiehed  easily  four  distinct  bnndleB  which, 
in  the  middle  of  the  pons,  as  seen  in  cross  section,  present  a 
typical  topographical  arrangement  (Fig.  431).  Of  these,  the 
first  to  become  medullated  (ftBtns  28  cm.  long)  is  that  which  in 


__ _  ^ :  its  junctJOD 

n  Bechterpw.  Die  Lpitanfn- 
haliiien  im  (Iphim  und  RurkenmaTk.  DeutM'h  von  R.  Weinberg,  II.  And., 
ifipz.  tisaa\  S.  230,  Fii{.  IBS.)  aq,  squeductns cerebri ;  Jtj).  fosricnluB  lonn- 
tudinalia  nifidialis: /c,  iWiculus  rentralin  tesmeiiti  (cmlraic  Haubaibakm} ; 
fqn,  fibres  froin  the  region  ijf  t\tv  colliculiu  iuterior  to  the  nucleoa  reticularis 
tegmenti :  IV.  N.  trocblcariH :  lm>,  flbtm  of  the  lemniBcus  ineituIiB  ^m  the 
ontra-latorni  nui-leun  ftiniculi  ruoeati :  (nii.  flbreH  of  the  lemDiaciu  mediali* 
frcini  the  eontrS'latfinl  nucleus  funiculi  fnacilis;  Imp.  von  Bechterew't 
mi-diHl  tHva^BOTj  lemniscuti ;  Imm.  von  Bechtcrew's  ■catU'red  bundles  of  the 
IcniniHcus ;  fml,  lemniscos  lati'ialiii;  sea,  nuek'UH  ci'DtraliK  suprrior.  para 
medialifl ;  not.  nucleus  i-cntralin  superior,  pant  latfrsUs  :  ai,  nucleus  lemnisd 
lateniliK :  nrl,  nucleus  rctieulnris  trgmenti  puntis ;  pri,  dorml.  jKn.  middle. 
prin.  medial.  p(v.  ventral  bundle  of  the  brarliium  conjunctivtim  ;  pft»  repre- 
arnlfl  tho  ciimniiwiire  hctwepn  the  uuclei  supcrions  nervorum  veHbbulorum  _; 
i/r.  sul>>itttutia  fcrruginua,  I',  nwlii  dceccndens  (mesencephalin)  nervi 
tri^miui. 

a  section  through  a  plane  corresponding  to  the  middle  of  the 
pons  lies  in  the  moat  ventral  part  of  the  brachium  conjnno- 
tiTum  (Fig.  431,;)<-,nand  Fig.  432,46).  This  bundle  has  nothing 
to  do  with  the  cerebellum,  but  ie  the  bnndle  above  mentioned 
which  forms  a  commissure  between  the  nuclei  nervorum  ves- 
tibulorum   supertores  of  the  two  sides.     Of  the  three  other 


•  von  Bochlerew,  ^ 
Leipz.  (1804),  S.  135. 


Dio  Leilungsbahuen  Jm  Oehim  und  BQckemnaik, 
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bundles,  the  most  dorsal  one  (Figs.  431,  jvcv,  and  432,  45)  is  me- 
dullated  in  foetuses  about  33  cm.  long.  This  bundle  appears  to 
be  connected  with  the  nucleus  fastigii  and  with  the  cortex  of 
the  vermis  (von  Bechterew).  Its  fibres  pass  to  the  decussation, 
cross  to  the  opposite  side,  and  are  interrupted  in  the  red  nu- 
cleus, since  no  fibres  are  meduUated  beyond  at  this  stage. 

The  third  bundle  (Fig.  431,  jot/y),  medullated  in  foetuses  35  to 
38  cm.  long),  lies  between  the  dorsal  and  ventral  bundles  (Fig. 
432, 39).  In  the  cerebellum  it  is  related  especially  to  the  nucleus 
globosus  and  the  nucleus  emboliformis.  Some  of  its  fibres  ap- 
pear to  be  related  directly  with  the  cortex  of  the  vermis  supe- 
rior. The  fibres  of  this  bundle  decussate  with  the  other  fibres 
of  the  brachium  conjunctivum,  become  partly  mingled  with  the 
fibres  of  the  dorsal  bundle,  and  come  in  relation  anteriorly  to 
the  cells  of  the  red  nucleus. 

The  fourth  bundle  (Fig.  431,  pcju)  (beginning  to  medullate 
in  the  new-bom  babe)  consists  mainly  of  very  fine  fibres  which 
lie  partly  in  among  the  fibres  of  the  other  bundles,  partly  me- 
dialward  from  them.  In  the  cerebellum  the  fibres  of  this  bun- 
dle appear  to  stand  in  relation  to  the  cortex  of  the  cerebellar 
hemispheres,  and  in  part  to  the  nucleus  dentatus.  The  fibres 
of  the  bundle  decussate  with  the  other  fibres  of  the  brachium 
conjunctivum,  and  in  front  are  related  to  the  red  nucleus. 

We  fortunately  possess  a  certain  amount  of  positive  informa- 
tion concerning  the  origin  from  cells,  of  the  axones  of  the 
fibres  of  the  brachium  conjunctivum.  This  has  been  gained  by 
the  application  of  Golgi's  method,  especially  by  Ram6n  y  Cajal  * 
and  Martin,  f 

Kamon  y  Cajal  finds  that  certain  of  the  fibres  of  the  brachium 
-conjunctivum  in  the  mouse  arise  from  the  nucleus  dentatus. 
He  emphasizes  the  fact  that  by  no  means  all  the  ascending 
fibres  come  from  the  nucleus  dentatus,  some  having  another 
origin,  perhaps  the  cerebellar  cortex.  This  view  has  been  sup- 
ported by  studies  made  with  Marchi's  method,  and  Ramon  y 
Cajal  has  shown  that  axones  of  Purkinje  cells  go  directly  into 
the  superior  cerebellar  peduncle.    All  the  thick  fibres,  however, 

♦  Ram6Q  y  Cajal,  S.  Beitrag  zura  Studiura  der  Medulla  Oblongata,  etc., 
Leipz.  (1896),  S.  17 ;  also  Ganglions  cdr^belleux.  Bibliogr.  anat.,  Par.,  t.  iii 
(1895),  pp.  38-42. 

t  Martin,  P.  In  Pranck*s  Handbnch  der  Anatomic  der  Haustiere,  Dritte 
Auflage,  Bd.  ii,  Stuttgart  (1894),  S.  278. 
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Uriiir  iHirticiii  of  Hit  piiDH.     (Aft»-r  \V.  voii  BiThtoixw.  U--. 

fitil.]  .Vn.r.".,  nui'lcUH  mitiuMs  Hupt'iior;  .Vh.I.'.,  nuclriiglemniacibilvtalia; 
Xu.ii.1.,  niii-lFUH  iilivaris  inipiTii>r;  Xa-p^  nuclei  ptmtU;  Sa.r.l.,  nucleua 
nitU-nlarlii  U-innt^ti ;  X.  V.,  iwlix  N.  trIfKinlDi ;  JC.iJ.n.  I'.,  radix  deaoettdeUB 
(iiK'KciK'cpliHlini)  iHTvi  triKcmiiii ;  Kt.fT.c,  stratam  giiBeum  eenlnlc,  JM — 
13,  lllir<iii>rthcli-iiiiilwUHnietlinltH[ii.TtHinin)[t(i  the  uurleus  fnnkali  cnnimti ; 
I".  M-HtU'nil  iHiiiilk'N  in  Ihc  IcinniwuN  mcdinlia :  17,  ivgiun  of  aeattered  flbnea 
whirh  rl,.vi-lop  IhU-  in  tin-  latt-ral  field  of  the  fonmitio  rrticulallR ;  B.  lem- 
niw'iM   lulcruliti.     YrlloH — /",   fiiin-s  ut  It'iuDiKiu   medialig  oricinatiDK  in 
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which  go  into  the  brachium  conjunctivum  arise,  he   states, 
from  the  nucleus  dentatus  of  the  same  side.* 

The  cells  of  the  nucleus  dentatus  are  large,  triangular,  or 
stellate,  and  exhibit  uneven  dendrites.  The  thick  axones  arise 
either  from  the  cell  body  or  from  one  of  the  dendrites,  give  oflf 
one  or  two  collaterals  inside  the  nucleus  dentatus,  and  pass  over 
into  the  brachium  conjunctivum  of  the  same  side  (Fig.  433). 
In  some  cases  it  has  been  possible  to  follow  the  axone  even 
outside  the  cerebellum,  not  only  in  longitudinal  sections,  but 
also  in  transverse  sections. 

nucleus  funicnli  gracilis  ;  8S,  fibres  from  the  region  of  the  coUiculas  inferior 
to  the  nucleus  reticularis  tegmenti  and  to  the  pons.  l^olei—SS,  fibres  of 
fasciculus  centralis  tegmenti  {centrale  Haubenbahn) ;  24,  fibres  passing  by 
the  raphe  from  the  nuclei  pontis  to  the  fomiatio  rt»ticularis  grisea ;  SS,  fibres 
of  the  spinal  bundle  (von  Becht*»rew)  of  the  brachium  pontis ;  45,  39,  42,  dif- 
ferent bundles  in  the  brachium  conjunctivum.  Blue — 4,  fasciculi  longi- 
tudinalee  (pyramidales)  j  26,  fibres  of  medial  accessory  bundle  in  lemniscus 
medialis  (to  motor  nuclei  of  cerebral  nerves) ;  46,  fibres  of  cerebral  bundle  of 
brachium  pontis ;  50,  frontal  cerebrocorticopontal  path  ;  51,  temporo-occipital 
cerebrocorticopontal  path.  Grten — 9,  fasciculus  longitudinalis  medialis;  S, 
fibres  which  represent  the  pontal  continuation  of  the  fasciculus  lateralis  pro- 
prius  of  the  spinal  cord ;  4^,  commissural  bundle  lying  ventralward  from  the 
brachium  conjunctivum. 

B,  transverse  section  through  the  brain  stem ;  level  of  pedunculi  cere- 
bri. The  right  half  illustrates  the  level  of  the  colliculus  inferior,  the 
left  half  that  of  the  colliculus  supi'rior.  (After  W.  von  Ik»chterew,  1894, 
somewhat  modified.)  Aq.c,  aqueductus  cen»bri ;  C'sf.m.,  corpus  genicula- 
tum  mediale;  CM.,  corpus  maramillare  ;  CU..  colliculus  superior;  JV./F, 
radix  N.  trochlearis;  A^te.r.i.,  nucleus  colliculi  iiiferioris;  Nn.f.l.m.,  nu- 
cleus fasciculi  longitudinalis  medialis  or  nucleus  commissune  posterioris 
{oberer  Oeulamotoriuakem  o{  Darkschewitsch) ;  Nu.l.l.,  von  Bechterew's  Car- 
j^us  parabigeminum;  Nu.l.s.,  nucleus  lateralis  suiierior  of  Flechsig  {nucleus 
tiinomifMius  of  von  Bechtercw) ;  Nn.n.III,  nucleus  nervi  oculomotorii ; 
Nu.r.,  nucleus  ruber ;  S.n.,  substiintia  nigra ;  St.gr.c,  stratum  griseum 
centrale.  Red — 19,  fibres  of  lemniscus  lateralis  which  enter  colliculus  in- 
ferior; 29,  fibres  of  brachium  quadrigeminum  inferius  from  the  colliculus 
inferior  of  the  same  and  of  the  opposite  side  ;  IS,  fibres  of  the  lemniscus 
medialis  originating  in  the  nucleus  funiculi  cuneati ;  IS',  fibres  of  the  lem- 
niscus medialis  going  to  the  corpora  quadrigemina  :  1(/,  scattered  bundles  of 
the  lemniscus  which  go  over  into  the  basis  pedunculi ;  17,  region  of  the  scat- 
tered fibres  (late  to  develop")  of  the  formatio  reticularis.  Yellow — 10,  fibres 
of  lemniscus  medialis  from  the  nucleus  funiculi  gracilis;  2S,  fibrt^s  from  the 
nucleus  colliculi  inferioris  to  the  thalamus  (according  to  von  Bechterew); 
56,  fibres  from  the  colliculus  superior  to  the  cerebral  cortex.  VioM — 39,  42, 
45,  fibres  of  the  brachium  conjunctivum  before  their  entrance  into  the  red 
nucleus ;  47,  4S,  fibres  from  the  red  nucleus  to  the  nucleus  lentiformis,  the 
thalamus,  and  the  cerebral  cortex  ( these  are  the  radiations  of  the  rtid  nucleus) ; 
35,  fibres  of  the  fasciculus  centralis  tegmenti  icentrale  Haubenbahn ).  Green — 
9,  fasciculus  longitudinalis  medialis ;  SI,  fibres  of  the  dorsal  part  of  the  com- 
missura  posterior ;  SV ,  fibres  of  the  ventral  part  of  the  comniissura  posterior ; 
27,  fasciculus  retroflexus  Meynerti ;  32,  fasciculus  thalamoniammillaris  ( Vicq 
d'Azyri);  ;^',  fasciculus  pedunculomammillaris  iwrs  Imsilaris  (pedunculus 
corporis  mammillaris) ;  58,  fibres  from  the  sulwtantia  grisea  of  the  colliculus 
superior  to  the  region  of  the  nucleus  ruber  of  the  opposite  side.  Blue — 4, 
fasciculi  longitudinales  (pyramidales^;  50,  fibres  of  frontal  cerebrocorti- 
copontal path  (medial  bundle  in  basis  pedunculi);  .5/,  fibres  of  occipito- 
temporal cerebrocorticopontal  path  (lateral  bundle  in  basis  pedunculi);  26, 
fibres  of  the  accessory  bundle  of  the  lemniscus ;  26',  fibres  connecting  the 
substantia  nigra  with  the  cerebral  hemispheres. 


Op,  cit.,  S.  20. 


THE  NERVOUS  SYSTEM. 


A  very  important  obBervation,  which  we  owe  to  Ramon  y 
Cajal,  baa  been  made  in  sagittal  and  lateral  eectionB.  At  the 
point  where  the  fibres  of  the  brachium  conjunctivum  leave  the 


"f  N.  I    , 
...  n'l'pR  N.  triKtmini ;  1), 

aan-ndinic  llmlM  of  Irinircatlon  <if  w'nsdry  ■iudch  iif  N',  irifii'miiiug;  E.  flv- 
K»nilfnK  nuiidlt.-  IVmn  brachlom  coiijunctivuni ;  F,  hncliiiini  ciinjuiK-tiTuin  ; 
tl.  nurlpiu  dpiiMtiu;  <f,  hlfunstinic  HpnwitT  ■xoncs  of  \.  trisi'iiiinus ;  b. 
(«miliulH  uf  uweudinK  lirohi  uf  hil\irciitliiu  :  r,  ccllti  hi  ani»iiE  flhrm  nf  de- 
wv' ml ing  bundle  fnim  brnchiuin  citiijuiiutivuni;  r,  n'll  lioitii-H  uf  luwpr  motor 
nitiroiinj  in  thi'  iiiiclciUi  niotiiriuii  prinrcps  \.  triwiiiini ;  (i.  B!(iiiif»  of  Uie 
Uli-ial  Hrawiry  I'ciitntl  triKriiiiiiiil  uiid  gli«HiipliurynKi-iil  putli  which  give  off 
i'iiIIhU'ihIb  lu  thia  iiucIcuk. 
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cerebellnm  and  go  over  into  the  dorsal  and  lateral  surface  of 
tbe  pons,  many  of  the  fibres  give  off  at  right  angles  a  stont 
collateral,  which  passes  in  a  descending  direction.  At  times 
the  division  resembleB  more  a  bifnrcation  of  the  axone  (Pig. 
434).  This  bundle  of  collaterals  arising  from  the  fibres  of 
the  bracbinm  conjunctivum  leaves  the  brachium  and  descends, 
forming  a  fosciculuB  cerebellaris  lateralis  descendens  (Ramon  j 
Gajal's  laterales  absteigendea  Kleinhirnbundet). 


lo  434  lAt^nl  UKittal  wcti  d  th  ough  thp  pong  and  cfrpbrllum  of  a  f«et»l 
mouse.  shuwinK  the  HeiLWry  piiTtion  or  the  X.  tngcminu!!.  (After  8.  R>iin6n  ; 
(Xjal.  Beitrag  lum  Studium  dpr  Mnlulla  nl>l.>ngHt&,  etc.,  \je\ox..  1888,  H.  4. 
Fig.  1.)  A,  portiu  tnajut  or  scniwry  rout  i>f  N.  tiijieiuinus:  the  individuiil 
Vionea  dividing  intu  an  asccndiug  (a)  and  n  doHcending  linili  (A) ;  r.  forniinal 
braachea  of  amending  limb  :  d.  root  fibrra  which  sink  into  the  depth  ;  e.  dor- 
sal jiart  of  descending!  portion  of  sensory  nwt;  B,  hifureation  of  aioncs  iif  N. 
voitibnli,  the  sseendiiig  limbs  (g)  going  to  the  eett'licllum.  the  descending 
timbe  (/I  going  downward   to  the  mcdnlln  oblongata:  C,  bnichium  cun- 

^'nnctivuDi ;  D,  fasciculUH  ci'rebt;llaria  deHcendens  ;  E,  eiirpiis  niitifomH! :  F. 
emniacua  latetalig  ;  H,  corpus  tnki>ezoidcum  i  O.  nui'lcUH  dcnlutus. 


This  descending  cerebellar  bundle  consists  of  several  small 
bundles  arranged  more  or  leas  in  the  form  of  a  plexus,  and  sep- 
arated from  one  another  by  cells.  He  has  been  able  to  follow 
these  small  bundles  in  lateral  sagittal  sections  along  the 
tractOB  spinalis  nervi  trigemini,  in  relation  to  which  it  is  medi- 
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ally  placed.  In  its  course  collaterals  are  given  oflf  to  adjacent 
regions  of  the  formatio  reticularis.  In  transverse  sections  the 
descending  cerebellar  bundle  of  Cajal  is  seen  to  run  at  first  for- 
ward and  ventralward,  outside  the  principal  motor  nucleus  of 
the  trigeminus,  medial  from  the  upper  part  of  the  substantia 
gelatinosa.  Soon  after  it  has  passed  medial  to  the  latter  it 
turns  to  run  longitudinally,  and  forms  a  large  bundle  of  longi- 
tudinal fibres  in  the  formatio  reticularis  grisea  just  medial  to 
the  substantia  gelatinosa  of  the  tractus  spinalis  nervi  trigemini. 
In  its  transverse  course,  while  it  passes  lateral  from  the  princi- 
pal motor  nucleus  of  the  trigeminus,  it  gives  off  some  collaterals 
which  branch  in  among  the  cells  of  this  nucleus,  and,  further 
on,  following  the  longitudinal  course  of  the  medulla,  it  gives 
off  collaterals  to  the  nucleus  nervi  facialis,  the  cells  in  the  for- 
matio reticularis  grisea,  and  perhaps  also  to  the  nucleus  am- 
biguus  and  to  the  nucleus  nervi  abducentis.  Ramon  y  Cajal 
was  unable  to  follow  the  course  of  this  bundle  below  the 
olive,  as  his  set  of  serial  sections  unfortunately  stopped  at 
this  point,  although  the  path  was  distinctly  impregnated 
and  evidently  went  farther.  He  concludes  that  this  bundle 
has  nothing  to  do  with  the  descending  cerebellar  path  de- 
scribed by  Marchi.  He  believes  that  at  least  a  part  of  its 
fibres  have  been  described  by  von  Bechterew  as  the  cerebellar 
root  of  the  trigeminus,  by  Edinger  as  the  direct  sensory  cere- 
bellar path  of  the  trigeminus,  and  by  Cramer  as  a  central  sen- 
sory path  of  the  trigeminus. 

Martin  has  observed,  by  Golgi's  method,  axones  passing 
from  cells  in  the  red  nucleus  through  the  decussation  to  the 
brachium  conjunctivum  of  the  opposite  side.  These  axones 
give  off  collaterals  before  and  after  decussation  to  the  formatio 
reticularis.  These  possibly  correspond  to  the  fibres  of  Edinger's 
tractus  tegmento-cerebellaris  and  to  the  cerebellopetal  degener- 
ation observed  by  Mendel  *  and  by  von  Bechterew.  f  For  the 
structure  of  the  nucleus  dentatus  in  the  new-bom  babe  and  in 


♦  Mendel,  E.  (cited  by  v.  Bechterew).     Neurol.  Centralbl.,  Leipz.  (1885). 

t  V.  Bechterew,  W.  Ueber  syphilitische  disseminirte,  cerebro-spinale 
sklerose  nebst  Bemerkungen  ueber  die  secundfire  Degeneration  der  fasem 
des  Vonlerenkleinhirnschenkels  des  centralen  HaubenbQndels  und  der 
Schleifenschicht.  Arch.  f.  Psychiat.,  etc.,  Berl.,  Bd.  xxvili  (1896),  S.  742- 
772. 
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adult  human  beings,  the  reader  is  referred  to  the  research  of 
Lugarc* 

It  is  obvious  that  while  by  far  the  majority  are  cerebello- 
fugal,  in  the  brachium  conjunetivum  there  are  axones  passing 
in  both  directions.  The  topographical  distribution  of  these 
axones  remains  yet  to  be  worked  out.  It  is  very  important 
that  this  be  determined  for  each  of  the  four  bundles  which  can 
so  easily  be  isolated  by  the  study  of  myelinization. 

In  passing  it  should  be  mentioned  that  a  Russian  investiga- 
tor, Klimoff,f  has  demonstrated,  by  Marchi's  method,  fibres 
connecting  the  cerebellum  of  one  side  by  way  of  the  brachium 
conjunetivum  with  the  contra-lateral  nucleus  nervi  oculo- 
motorii. 

There  are  cerebellofugal  paths  also  in  the  brachium  pontis 
(middle  cerebellar  peduncle)  but  the  evidence  thus  far  is 
against  the  view  that  these  are  cerebropetal  in  nature.  (Cf. 
Chapters  LXIII  and  LXIV.) 

♦  Lugaro,  E.  Sulla  stnittura  del  nucleo  dcntato  del  cervelleto  nell* 
UOI1IO.    Monitore.  zool.  ital.,  Firenze,  vol.  vi  (1895),  pp.  6-12. 

t  Klimoff«  I.  A.  Ou  the  Connection  of  the  Cerebellum  with  the  Nucleus 
of  the  N.  oculomotorius.    Vrach,  St.  Petersb.,  vol.  xvii  (1896),  p.  1013. 
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4.  Central  tauory  AzonM  paning  into  or  through  the  Cerebral  Pednnde,  and 

the  Terminationi  of  each  Axonee. 


CHAPTER  XLVII. 

ON   THE   STRUCTURE   OF  THE   HYPOTHALAMIC  REGION    AND  THE 
COURSE   OF  THE   LEMNISCUS   MEDIALI8. 

Centripetal  fibres  which  forward  bodily  impulses  through  the  cerebral 
peduncle  toward  the  somsesthctic  area  of  the  cortex — Porel's  studies 
(1887) — Feld  JT— The  zona  incerta — The  nucleus  hypothalamicus  or 
Ijuys*  body — The  nuclei  of  the  thalamus — von  K5IlikeFs  studies — 
Researches  of  Nissl — Investigations  of  von  Monakow — Tschermak*s 
studies. 
The  lemniscus  or  fillet — Subdivisions — Lemniscus  medialis — Lemniscus 
superior — Various  neurone  systems  in  the  lemniscus.  The  "  cortical 
lemniscus,"  direct  and  indirect — View  of  Flechsig  and  Hoesel — View 
m*  of  von  Monakow  and  Mahaim — Other  studies  of    lemniscus — Demon- 

stration  of   direct  cortical  lemniscus    in    cats    by  Marchi*s   method 
(Tschermak). 


V 


All  the  centripetal  paths  carrying  impulses  toward  the  cere- 
brum must  pass  through  the  cerebral  peduncle.  We  have  seen 
that  the  bundles  of  fibres  concerned  in  carrying  impulses  from 
the  bodily  sense  organs  (as  opposed  to  those  of  special  sense) 
may  include  the  following :  (1)  The  lemniscus  medialis;  (2)  the 
fasciculus  longitudinalis  medialis;  (3)  certain  longitudinal 
bundles  of  the  f  ormatio  reticularis ;  and  (4)  the  brachium  con- 
junctivum  and  some  of  the  axones  arriving  from  the  nucleus 
ruber  which  pass  cerebralward.  These  various  fibres  (axones 
of  central  neurones)  pass  through  the  pedunculus  cerebri 
(mainly  or  entirely  through  the  tegmentum,  not  through  the 
pes,  or  basis)  to  reach  the  diencephalon,  where  most  of  them  in 
all  probability  terminate  in  the  hypothalamus,  in  the  thalamen- 
cephalon,  or  in  the  nucleus  lentiformis ;  a  few  of  the  axones 
may  pass  through  the  diencephalon,  without  terminating  in  it» 
666 
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so  as  to  reach  the  cerebral  cortex  directly  by  way  of  the 
internal  capsule  and  the  corona  radiata  {directe  Rindenschleife 
and  a  part  of  the  Hauhenstrahlutig  of  the  Crermans).  The 
fibres  which  terminate  in  the  hypothalamus  (mainly  in  the 
nucleus  hypothalamicus)  and  in  the  thalamus  (mainly  in  its 
ventro-lateral  portion)  apparently  do  so  in  conduction  relation 
with  the  cell  bodies  and  dendrites  of  neurones  of  the  third  (and 
often  doubtless  of  a  higher)  order,  the  axones  of  which  run  out 
through  the  retro-lenticular  portion  of  the  occipital  limb  of  the 
internal  capsule  and  through  the  corona  radiata  to  reach  the 
cerebral  cortex.  The  region  of  the  cortex  in  which  the  axones 
of  the  general  sensory  conduction  path  here  considered  termi- 
nate, I  have  designated  as  the  somsesthetic  area  of  the  cortex.* 
It  includes,  in  all  probability,  the  central  gyri,  the  posterior 
portions  of  the  three  frontal  gyri,  the  lobulus  paracentralis  and 
perhaps  in  part  the  gyrus  cinguli  (Flechsig)  and  portions  of  the 
parietal  lobe  behind  the  posterior  central  gyrus  (von  Monakow). 
In  addition,  doubtless,  fibres  of  this  sensory  path  terminate  in 
the  corpus  striatum. 

The  study  of  the  upward  continuations  of  the  sensory  con- 
duction paths  of  the  tegmentum  is  fraught  with  extreme  diffi- 
culties, especially  in  man,  in  whom  the  brachium  conjunctivum 
and  red  nucleus  are  colossally  developed  in  comparison  with 
the  other  tegmental  structures.  It  has  been  attempted  by 
purely  anatomical  methods ;  by  the  method  of  secondary  degen- 
erations, and  by  the  embryological  method.  Thus  far  but  little 
help  has  been  gained  in  this  connection  by  the  use  of  Golgi's 
method,  but  a  beginning  has  been  made.  The  application  of 
the  method  of  Nissl,  though  full  of  promise,  has  as  yet  been 
limited. 

The  purely  anatomical  studies,  extending  the  earlier  re- 
searches of  Reil,  Burdach,f  Arnold,  Gratiolet,  J  and  Luys,^  have 
been  carried  out  chiefly  with  the  aid  of  serial  sections  by  Mey- 


♦  I  wish  to  thank  Prof.  Gildersleeve,  of  the  Johns  Hopkins  University,  for 
mggesting  this  term  as  a  suitable  English  ecjuivalent  for  Munk*s  Kdrper- 
fHhUphdre, 

t  Burdach,  K.  P.    Vom  Bane  nnd  Leben  des  Gehims.    Leipzig,  1819-'26. 
%  Ijeuret  et  Gratiolet.    Anatomie  comparoe  dn  systeine  nerveux.     Paris, 
ia39-57. 

•  Luys,  J.  Recherches  sur  le  systeme  nerveux  cerebrospinal.  Paris, 
1865 ;  leonographie  photographique  des  centres  nerveux.    Paris,  1873. 
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nert,  *  Forel,  f  Ganser,  J  Dejerine,  *  von  Kolliker,  J  Mills,  ^ 
and  von  Monakow.^ 

Forel,  in  his  exhaustive  description  of  the  tegmental  region, 
attempts  to  follow  from  the  pons  and  midbrain  the  main  longi- 
tudinal paths  upward  into  the  tegmentum  and  hypothalamic 
region.  His  conclusions  regarding  the  various  bundles  which  we 
have  seen  may  be  concerned  in  the  carrying  of  impulses  from 
the  bodily  sense  organs — namely,  the  fasciculus  longitudinalis 
medialis,  certain  longitudinal  bundles  of  the  formatio  reticularis, 
the  medial  lemniscus  and  the  brachium  conjunctivum,  and  the 
fibres  coming  out  of  the  red  nucleus  may  here  be  referred  to. 

As  regards  the  fibres  of  the  fasciculus  longitudinalis  medi- 
alis, Forel  J  found  that  the  majority  of  the  coarse  fibres  and 
some  of  the  tine  fibres  reaching  the  level  of  the  posterior  com- 
missure of  the  brain  enter  into  it.  The  majority  of  the  finer 
fibres,  however,  went  farther,  passing  through  the  fasciculus 
retroflexus  Meynerti  to  become  lost  in  the  gray  matter  of  the 
tegmentum,  mingling  with  fibres  from  the  formatio  reticularis, 
and  perhaps  reaching  the  area  in  the  hypothalamic  region 
designated  by  Forel  as  Feld  H^  {vide  iyifra). 

The  longitudinal  bundles  of  the  formatio  reticularis  are 
much  confused  in  the  midbrain  by  the  decussatio  brachii  con- 


*  Meynert,  Th.  Vom  Gehirne  der  S&ugethiere.  Article  in  Strieker's 
Handbuch  der  Lehre  von  den  Geweben, etc.,  Leipz.  (1871-72) ;  also  Psychia- 
try, translated  into  English  by  B.  Sachs.    New  York,  1885. 

t  Forel,  A.  Boitrftge  zur  Kenntniss  des  Thalamus  opticus  und  der  ihn 
umgebenden  Gebildo  l^ei  den  SSugethieren.  Sitzungsb.  d.  k.  Akad.  d. 
Wissensch.,  Bd.  Ixvi,  Wien  (1872),  S.  25-58.— Untersuchungen  ueber  die 
Haubenregion  und  ihre  oberen  Verknupfungen  im  Gehirne  des  Menschen 
und  einiger  Sftugethiere.  mit  Beitrilgen  zu  den  Methoden  der  Gehimunter- 
suchung.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berlin,  Bd.  vii  (1877),  S.  8»8. 

X  Ganser,  S.  Vergleichend-anatomische  Studien  ueber  das  C^him  des 
Maulwurfs.     Morphol.  Jahrb.,  T^eipz.,  Bd.  vii  (1882),  S.  591-725. 

*  Dejerine,  J.     Anatomic  des  centres  nerveux.     Paris,  1895. 
I  von  Kolliker,  A.     Op.  cit..  S.  428. 

^  Mills,  C.  K.  Sections  of  the  Cerebral  Ganglia,  with  Remarks  on  their 
Anatomy  and  Lesions.  Tr.  Path.  Soc.  Phila.  (187^*81),  vol.  x  (1882).  pp. 
179-182. 

(  von  Monakow,  0.  Experimentelle  u.  pathologisch-anatomlsehe  Unter- 
suchungen  ueber  die  Haubenregion,  .den  Sehhngel  und  die  Regio  subthala- 
mica,  nebst  Beitrilgen  zur  Kenntniss  frilh  erworbener  Gross-  und  Klcinhim- 
defecte.     Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxvii  (1895).  S.  1,  886. 

X  Op.  cit.,  S.  417. 
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junctivi.  Thej  become  displaced  dorsally  and  laterally,  and 
above  the  red  nucleus  paaa  apparently  into  the  diiTueely  limited 
oval  Feld  H.  A  special  mass  of  fibres  of  the  formatio  retic- 
ularis, dBsignated  as  Hmibenfaiscikeln  or  fasciculi  tegmenti  by 
Meynert,  and  especially  well  seen  in  the  dog  (Fig.  435),  pass  up- 
ward and  apparently  go  directly  to  the  most  ventral  parts  of  the 
thalamus. 

The  fibres  from  the  brachium  conjunctivum  and  from  the 
red  nucleus  were  especially  studied  by  Forel.  He  describes 
particularly  the  white  matter  of  the  dorsal  surface  of  the  red 
nucleus  and  that  of  the  lateral  surface  of  the  red  nucleus.     He 


mtAtiiiarit  lattntiia. 


\rui  hmothala. 

BATh  n/ Forel. 

ibfanKa  nifi 

Fio.  436.— Fmntal  Bii-ti<in  thruugh  tbo  human  htain  stem.     (AfUr  A.   Fnrcl, 

Arcli.  f,    I^yrhint.,    Ikrl.,    Bd.   vii,  1877,   T^f.  vii,  Fin.   lO.i      BATh.   Urge 

buiiilli!  ur  fibn^s  whiuli,  cuniing  rrom  the  iiuuleua  ruber  and  its  capaulc  niiu 

upward,  latcialward,  and  diiraalward  to  the  ventral  part  nf  Ihe  thalamus  tii 

the  retieulur  iHytT.  to  tlie  lumiiia  nicdullarin  luteialiH.  etc.,  whuri'  the  fibmi 

becniuc  no  inli^rwiiTeii  with  otliera  thiit  thi'y  mn  nut  be  fbllowcil  farther ; 

Fbrtri  Frill  H,  dunw]  white  uuttler  uf  regiu  subthulamiia. 

believes  that  the  dorsal  white  matter  cousists  of  fibres  from 
the  brachium  conjunctivum,  from  the  fasciculus  longitudinalis 
medialis,  and  from  the  formatio  reticularis  inextricably  mixed.* 
On  the  lateral  surface  of  the  red  nuclens  he  describes  a  mass  of 
fibres  whicli  passe^t  obliquely  lateralward  and  dorsalward  toward 
the  cerebrum,  cou verging  to  form  a  bundle  which  he  calls  BATh 
(Fig.  i'-iQ),  aud  which  he  thinks,  in  the  main,  enters  into  the 
ventral  part  of  the  thalamus,  there  again  to  break  up  into  sec- 
I  oudiiry  bundles  which  appear  to  help  to  form  not  only  the 

lamina  mcdullaris  lateralis,  but  also  other  lamiiue  mednllares 
and  radial  bundles  of  the  thalamus.!     Lateralward  this  bundle 

'  If  one  studies  sorini  aeutiuiis  ihroiigh  the  brain  of  the  new-born  babe, 
all  of  those  biinillGs  can  lie  distinctly  recognized. 
f  Op.  rit..  S.  435, 
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touches  the  zona  incerta,  while  dorsalward,  somewhat  above  the 
red  nucleus,  it  fuses  with  Feld  U, 

Forel  ti  Feld  II  would  therefore  be  made  up  mainly  of  fibres 
from  the  capsule  of  the  red  nucleus,  partly  of  fibres  passing 
through  the  red  nucleus  from  below,  partly  from  fibres  which 
represent  medullated  axones  from  the  cells  of  the  red  nucleus 
itself.  There  are  contained  in  this  Feld  H,  then,  according  to 
Forel,  fibres  from  the  brachium  conjunctivum,  from  the  forma- 
tio  reticularis,  from  the  fasciculus  longitudinalis  medialis,  and 
from  the  red  nucleus. 

As  regards  the  main  portion  of  the  lemniscus,  Forel  de- 
scribes it  as  bending  dorsalward  and  lateralward  at  a  level  cor- 
responding to  the  lower  end  of  the  red  nucleus.  It  passes 
close  to  and  parallel  with  the  bundle  which  he  calls  BATh 
and  runs  in  a  direction  toward  the  pulvinar,  interweaving 
with  the  HaubenfasciJcehi^  and  becomes  lost  in  the  gray 
matter  of  the  tegmentum,  so  that  its  fibres  can  not  be  further 
followed. 

Very  convenient  for  purposes  of  description  will  be  found 
the  division  of  the  hypothalamus  (regie  subthalamica)*  adopted 
by  Forel.  He  recognizes  three  layers:  (1)  A  dorsal  layer  of 
white  matter ;  (2)  a  middle  layer,  the  so-called  zona  incerta, 
which  laterally  is  continuous  with  the  reticular  zone  of  the 
thalamus;  and  (3)  a  ventral  layer,  somewhat  more  laterally 
placed,  the  so-called  Luys'  body,  now  known  as  the  nucleus 
hypothalamicus  (corpus  Luysi)  (Fig.  437). 

The  dorsal  layer  of  white  matter  just  cerebralward  from  the 
red  nucleus  consists  of  an  area  of  very  fine  medullated  fibres 
which  Forel  designates  as  Feld  II  This  field  may  receive  fibres, 
Forel  thinks,  from  {a)  the  fasciculus  longitudinalis  medialis ; 


*  The  limits  of  the  hypothalamus  (rcgio  subthalamica),  or  Wernicke's 
stratum  intermedium,  as  defined  by  Forel,  are  as  follows:  Dorsally  it  is 
covered  by  the  thalamus,  being  separated  from  it  by  the  lamina  medullaris 
lateralis;  medially  it  is  limited  by  the  stratum  griseum  centrale  of  the 
third  ventricle  and  by  the  fasciculus  thalamomauimillaris  (Vicq  d'Azyri)  and 
the  anterior  root  of  the  fornix ;  ventrally  by  the  lamina  perforata  posterior 
or  by  the  corpus  mammillare,  as  well  as  by  the  substantia  nigra  with  the  basis 
pedunculi ;  laterally  by  the  internal  capsule  and  by  the  reticular  zone  {Oit- 
tersehicht)  of  the  thalamus.  Below  it  is  limited  by  the  nucleus  ruber  and 
the  fasciculus  retroflexus  (Meynerti);  above  it  is  continuous  with  the  sub- 
stantia innominata  of  Rcil. 


I 

I 

\ 
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(b)  longitudinal  bundles  of  the  formatio  reticularis;  and  (r) 
possibly  also  fibres  from  the  brachium  conjunctivum  and  the 
red  nucleus,  inasmuch  as  he  believes  it  may  be  looked  upon  as 
a  continuation  cerebralward  of  a  process  of  the  capsule  of  white 
matter  surrounding  the  red  nucleus.     It  is  continuous  laterally 


iir 


Ventricuitu  lateralis.      Nudexu  caudatua 

\    \ 


Nuclexts  anterior  thalamus 


Ventricuitu  fert<u«.-— 


ForeVs  Feld 


H.-^ 


Substantia  nigra.' 

* 
Zona  incerta'. 


Corona  radiata. 


Ckipsula  interna. 
'*"-•  Ixtmina  meduHaris  latei'olin. 

^'  lyactiut  optinm. 

Nucleus  hypothalamicus  (corpus  Lvysi). 
Bonis  itednnculi. 
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Fio.  437.— Fnmtal  section  througli  the  huniun  bniin  stem  showing  sulMlivisioiiH 
of  hyiK>thalamie  repitni.  (After  A.  VoreX,  Arch.  f.  Psyehisit.,  Berl.,  IW.  vii, 
1877,  Tjif.  vii,  Fig.  11.)  y,  deliaite  commissure  just  ventral  to  the  ventric- 
ulus  tertius. 


with  the  lamina  medullaris  lateralis.  Higher  up,  in  sections 
passing  through  the  posterior  part  of  the  corpus  mammillare,* 
Forel  describes  the  Feld  H  as  splitting  into  two  portions,  one 
dorsal  (Feld  //i),  remaining  in  direct  continuity  with  the  lamina 
medullaris  lateralis  of  the  thalamus;  the  other  ventral  (Feld 
//g),  sinks  into  the  zona  incerta,  becomes  more  compact,  and 
sends  a  process  (of  white  matter)  lateralward  which  passes  as  a 
flat  lamella  over  the  cerebral  extremity  of  the  dorsal  white 
capsule  of  Luys'  body.  This  lateral  white  process  from  the 
Feld  H^  grows  thicker  farther  up,  is  closely  attached  to  Luys* 
body,  and  bends  around  its  lateral  margin  into  the  internal  cap- 
sule at  its  junction  with  the  basis  pedunculi.  In  doing  so,  it 
is  joined  by  lateral-ventral  bundles  from  Luys'  body,  and,  like 
these,  divides  the  capsula  interna  into  rectangular  fields  ( Fig. 
438). 

The  zona  incerta,  a  mixture  of  gray  matter  and  white  matter^ 
lies  between  the  dorsal  layer  of  white  matter  and  Luys'  body. 


I 


i-i 


'i 
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*  Forel's  sections  are  cut  at  right  angles  to  an  axis  going  from  the  fron- 
tal pole  to  the  occipital  |X)le  of  the  cerebrum,  not  at  right  angles  to  the  axis 
of  Mevnert. 
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Forel  coi]ld  say  nothing  definite  regarding  the  nature  or  relsr 
tione  of  the  fibres  and  cella  situated  in  it. 

The  nucleus  hjpothalamicus  (corpus  Luysi),  the  most  ven- 
tral of  Forel's  three  layers,  is  a  biconvex,  transversely  oval, 
lens-shaped  mass,  somewhat  smaller  than  the  red  nucleus  and 
very  different  in  shape.  It  can  be  seen  to  begin  in  sections  cor- 
responding to  the  plane  of  the  fasciculns  retroflexus  Meynerti, 
in  which  it  lies  dorsal  to  the  basis  peduncnli  and  the  anterior 
part  of  the  substantia  nigra.  More  anteriorly  it  increases 
rapidly  in  size,  assumes  an  exquisite  spindle-shape  in  cross  sec- 
tion, with  somewhat  more  convex  dorsal  surface,  and  finally 
limits  sharply  dorsally  and  somewhat  medially  the  whole  basis 
pcduncnli.  It  is  largest  in  cross  section  at  a  level  just  pos- 
terior to  the  corpus  mammillare.  Anterior  to  this  point  it  be- 
comes smaller,  but  remains  spindle-shaped  in  cross  section  and 
finally  disappears  in  planes  corresponding  to  the  anterior  part 
of  the  corpus  mammillare.  The  dorsal  surface  of  Luys'  body 
is  turned  toward  the  zona  incerta,  while  the  ventral,  some- 
what less  convex  surface,  is  turned  toward  the  basis  pedunculi 
and  the  internal  capsule.  The  nucleus  is  inclosed  somewhat 
imperfectly  by  a  dorsal  and  ventral  white  capsule,  the  two  com- 
ing in  contact  with  one  another  at  the  circular  edge  of  the 
nucleus,  especially  at  its  anterior  and  posterior  extremities. 

ffitcieua  hvpothaiamievM.    Lamina  nttidMiinrit  latfinlU. 

Forel-M  Feld  H,       \    \         ^?""  rtUcular^  MillerKhicAl). 
Pw*)-.>VldH,.,    ,  ',  U^v 

Uana  iHlrrtnnlia Vj  ...  5^-  ^'/^^^"'Coiaiita  inlerna. 

FiucicututttialamoHiaminlllartM.'-'''  i^\\^^^Sf^^''Traelui  opiicui. 
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As  regards  the  nuclei  of  the  thalamus,  Forel  follows  closely 
the  descriptions  of  Burdach,  who  divided  the  thalamus  (aside  from 
the  pulvinar)  into  three  gray  nuclei,  which  correspond  to  what 
we  now  designate  as  (1)  the  nucleus  medialis  thalami,*  (3)  the 
nucleus  lateralis  thalami, f  and  (3)  the  nucleus  anterior  thal- 

"  Bunlach's  inTterer  h'ern.  Luya'  cenlre  moytn. 
f  Biinlftch'9  aeufnerfr  h'fm. 
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ami.*  In  addition  he  recognizes  the  existence  of  Luys'  cf^nlre 
median^  a  nucleus  hidden  by  many  medullated  fibres  lying  deep 
in  the  substance  of  the  thalamus  between  the  nucleus  ruber, 
the  nucleus  medialis  thalami,  and  the  nucleus  lateralis  thalami. 
Von  Tschisch,f  in  1886,  described  an  additional  nucleus  in  the 
thalamus  situated  just  dorsal  to  the  red  nucleus  and  lateral 
from  the  fasciculus  retroflexus  Meynerti.  This  mass  of  gray 
matter,  which  in  reality  belongs  to  the  nucleus  lateralis 
thalami  (according  to  von  Monakow  to  the  ventral  group  of 
nuclei),  is  concave  above,  and  in  the  concavity  rests  the  centre 
mSdian  of  Luys.  Von  Tschisch  calls  it  the  schalenfbrmiger 
Korper;  Dejerine  writes  of  it  as  the  noyau  semilunaire  de 
Flechsig ;  and  von  Kolliker  calls  it  the  nucleus  arcuatus  of  the 
thalamus. 

Dejerine,  in  a  beautifully  illustrated  publication,  describes 
and  pictures  a  large  number  of  sections — coronal,  horizontal,  and 
sagittal — through  the  cerebral  hemispheres,  from  which  the  stu- 
dent, in  working  through  the  region  of  the  thalamus  and  hypo- 
thalamus, will  find  much  help.  An  extremely  careful  and  de- 
tailed description  of  the  thalamus  and  hypothalamus  has  been 
given  to  us  by  von  Kolliker  in  the  last  edition  of  his  text- 
book ;  it  is  of  especial  value  in  that  it  is  accompanied  by  a  large 
number  of  exquisite  illustrations. 

Von  Kolliker  \  accepts  Forel's  nomenclature  as  regards  fields 
II,  Hi,  and  Hg.  He  calls  Feld  H  the  "tegmental  bundle  of 
the  red  nucleus."  ^  This  splits  into  two  parts :  a  dorsal  part, 
Forel's  Feld  H^^  which  he  designates  as  the  "  tegmental  bundle 
of  the  thalamus,"  ||  and  which  he  finds  vanishes  in  the  lamina 
medullaris  lateralis  and  in  the  nucleus  lateralis  thalami ;  and  a 
ventral  part,  Forel's  Feld  //j,  which  he  calls  the  "  tegmental 
bundle  of  the  lentiform  nucleus;'^  this  goes  .through  Luys' 
body  and  the  (cerebral  peduncle  to  become  lost  in  the  nucleus 
lentiformis.      He   separates   the   upward   continuation  of  the 


*  Hurdacirs  oberer  Kern^  TjUVs'  centre  anteritur. 

\  son  Tschisch,  \V.  F.  Untcrsuchungen  zur  Anaioinic  dor  Qehirn^un- 
f^lieii  lies  Mcnschen.  Ber.  d.  math.-phys.  CI.  d.  k.  si&chs.  Gcsellj<ch.  d.  Wiss- 
cnseh.,  1886. 

X  Op.  cit.,  S.  434. 

*  Hauhenhundel  den  rothen  Kernes. 
I  ITaHhenbundel  den  Tlinlnmus. 

^  Ifauhf'tihundel  ihs  Jjinat  iihenieH. 
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medial  lemniscus  from  Feld  H^  and  states  that  it  is  situated 
laterally  from  it. 

The  upward  continuation  of  the  fasciculus  longitudinalis 
medialis  is  discussed  at  length  by  von  Kolliker.*  In  his  opin- 
ion, instead  of  breaking  up  in  the  nucleus  of  the  posterior 
commissure,  the  medial  portion  of  the  fasciculus  passes  ventral- 
ward  into  the  hypothalamus,  and  then  passes  dorsal  from  the 
corpora  mammillaria  to  enter  a  commissure  formed  by  the 
bundles  of  the  two  sides.  A  second  portion,  including  the 
majority  of  the  fibres,  mixed  with  the  arcuate  fibres  which  sur- 
round the  red  nucleus  on  its  medial  and  ventral  aspects,  be- 
comes lost  beneath  the  same,  so  that  it  can  not  be  followed 
further.  Although  he  formerly  believed  that  it  represented  a 
crossed  central  sensory  path,  he  now,  as  a  result  of  the  studies 
of  van  Gehuchten,  Held,  and  others,  is  inclined  to  think  that 
the  majority  of  the  fibres  are  descending,  having  their  origin 
either  in  the  thalamus  or  in  the  central  gray  matter  of  the  third 
ventricle. 

With  regard  to  the  bundles  passing  cerebralward  from  the 
region  of  the  red  nucleus,  von  Kolliker  thinks  it  is  difficult  to 
state  how  many  of  them  come  from  the  brachium  conjunctivum, 
and  how  many  of  them  correspond  to  longitudinal  bundles  of 
the  formatio  reticularis,  f  He  agrees  with  Forel  in  thinking 
that  the  bundle  designated  by  the  latter  BA  Th  goes  over  into 
Feld  H  and  splits.  His  descriptions  of  the  fibres  from  Feld 
Hi  and  from  Feld  H^  agree  in  the  main  with  that  of  Forel. 

The  bundles  from  the  red  nucleus  itself  tend,  von  Kolliker 
states,  to  surround  the  centre  median  on  its  ventral  side,  and 
are  continued  in  the  form  of  an  arched  platelet,  which,  cutting 
through  a  radiation  of  the  thalamus  parallel  to  the  lamina 
medullaris  lateralis,  turns  dorsalward  and  becomes  lost  before 
reaching  the  dorsal  surface  of  the  thalamus.  This  arched 
plate  of  fibres  is  seen  in  frontal  sections  farther  forward  at 
the  beginning  of  the  lamina  medullaris  medialis.  Parallel 
with  this  plate  there  go  stronger  fibre  bundles  from  the  red 
nucleus  through  the  medullated  radiations  of  the  lateral  nucleus 
of  the  thalamus,  representing  for  some  distance  a  special  inter- 
mediary lamina  medullaris  (Fig.  439).  Between  these  two  ra- 
diations from  the  red  nucleus  is  to  be  found  a  small  field  of 

♦  Op,  cit,  S.  438.  t  Op.  ciL,  S.  454. 
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gray  Bubstance,  the  nucleus  arciiatas,  or  xchaletifbrmiger  Korper 
of  von  TBPhUch. 

Von  KoUiker  in  his  text-book  gives  further  an  elaborate  de- 
scription of  the  different  nuclei  of  the  thalamuB,  in  which  he 
compares  his  findings  in  Weigert  preparations  of  the  brain  of 


Fl«.  138.— Fnmtiil  ftviiaa  thnwRh  thi'  brain  stem  of  roan.  (Aftor  A.  von  Kul- 
likiT,  llnnclhuch  ilrr  <h-wi>h<-lchr(',  Ixipz..  IM.  ii.  ISBH,  S.  53T.  Fig.  6WI.)  n. 
iiqii('<lu<'tUR rcrehrl ;  CI,  capxiiia  intprna ;  CI,  niH-lpiin  hyixitlialaniiruiKciirpuA 
l^yid);  Til.  nimmimiiTa  poMeriur  n-rehri ;  FM.  fkHirufiiii  n-tniflciuR  Moy- 
tii-rti:  ''ftp,  )[l')l>iiK  ^lliduB  nr  nurJtUHlcntifiinniH:  I.nm.  lamlnA  mt^ulUris 
nuiliallx;  IjkI,  lamina  mpdullaria  lateralis:  A'f,  nuclpus  latfralin  thalam) ; 
.Ym,  entre  mfiliaa  of  IiUTh  (vnn  Knllikfr'H  nirt'lt'iiN  mediuH  thaUnii) :  .Yin/. 
iindvuH  mrdinlJR  thaiami ;  lYaiv.  nuripiw  arrUAtnii  mrhalriiformigfT  Korprr  of 
Flcchxiii  and  Tim  IWhiwh);  .Vr.  nudcuH  rnhrr;  P.  putamcn :  Pp.  hmuH 
linluncnil:  Qn.  mllimluii  MipRriur;  ^'n.  MilMtAntia  nlKnti  Th.  thBlBmiiii; 
TV.o.,  tractuit  opticiu. 

man  and  animals  with  those  of  Xissl  in  the  thalamus  of  rabbits. 
As  is  well  known,  Xissl  *  has  made  a  very  thorough  atndj  of 
the  nuclei  of  the  thalamus  in  the  rabbit,  and  has  isolated,  ac- 
cording to  the  form  and  grouping  of  the  cells,  some  twenty 
different  nuclei.     In  brief,  his  description  is  as  follows:  In  the 

inml.  deuLsch.  N&tarf.  u.  Aerate,  Ilcidelb. 
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part  of  the  thalamus  projecting  most  anteriorly  is  situated  an 
anterior  nucleus  which  must  be  divided  into  a  smaller  anterior 
dorsal  and  a  larger  anterior  ventral  nucleus.  The  latter  shows 
a  further  differentiation,  so  that  one  can  distinguish  distinctly 
in  it  a  dorso-medial  part  from  a  ventro-lateral  part  in  which  the 
cells  are  much  closer  together.  Medial  from  the  anterior 
nucleus  is  seen  the  rather  small  anterior  medial  nucleus  which 
lies  like  a  cap  around  the  middle  medial  nucleus.  The  latter 
is  a  large  nucleus  situated  close  to  the  middle  line,  and  visible 
for  as  much  as  half  of  the  longitudinal  extent  of  the  thalamus. 
Ventral  from  the  anterior  nucleus  lies  the  nucleus  of  the  retic- 
ular zone  (Gitterschicht),  The  first  to  appear  in  a  frontal 
series  of  sections  is  the  ventral  nucleus  of  the  reticular  zone, 
which  terminates  medially  at  the  transverse  section  of  the 
columns  of  the  fornix ;  laterally  it  adjoins  the  lateral  nucleus 
of  the  reticular  zone,  an  insignificant  nucleus.  Between  the 
ventral  nucleus  of  the  reticular  zone  and  the  ventral  anterior 
nucleus  lies  the  dorsal  nucleus  of  the  reticular  zone.  Close  to  the 
middle  line  appears  a  narrow  cell  plate  of  spindle-shaped  cells, 
which  Nissl  calls  the  "nucleus  of  the  middle  line,"  without 
questioning  whether  it  belongs  to  the  thalamus  or  to  the  stratum 
griseum  centrale.  This  nucleus  of  the  middle  line  is  invaded 
by  the  middle  medial  nucleus,  which  quickly  approaches  the 
middle  line,  so  that  one  part  of  it  comes  to  lie  dorsal,  another 
ventral  from  the  middle  medial  nucleus.  These  two  parts 
quickly  spread  out  lateralward,  the  dorsal  more  than  the 
ventral. 

In  a  slight  lateral  projection  of  the  thalamus  is  situated  the 
anterior  extremity  of  the  lateral  nucleus.  First  of  all  comes 
the  anterior  lateral  nucleus,  which  occupies  almost  two  thirds 
of  the  longitudinal  extent  of  the  thalamus  and  which  increases 
in  size  as  the  anterior  nucleus  diminishes.  It  has  the  form  of 
a  sector  of  a  circle,  the  curved  line  of  which  forms  the  lateral 
curve  of  the  thalamus,  the  medial  radius  of  which  adjoins  the 
anterior  nucleus,  the  ventral  radius  adjoining  the  dorsal  nucleus 
of  the  reticular  zone.  Around  the  angle  formed  by  the  apex  of 
the  sector  there  is  deposited  a  narrow  row  of  cells  also  in  the 
form  of  an  angular  mass.  One  series  of  these  cell  groups  lies, 
therefore,  between  the  anterior  lateral  nucleus  and  the  ventral 
anterior  nucleus;  the  other  between  the  anterior  lateral  nucleus 
and  the  dorsal  nucleus  of  the  reticular  zone.     Since  this  nu- 
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cleus  contains  the  largest  cells  which  occur  in  the  thalamus^ 
Nissl  calls  it  "  the  large-celled  nucleus  "  of  the  thalamus. 

As  the  anterior  nucleus  vanishes,  its  place  comes  to  be  occu- 
pied by  the  posterior  medial  nucleus,  a  large  nucleus  which 
laterally  abuts  against  the  anterior  lateral  nucleus.  Besides, 
between  the  ventral  and  the  dorsal  nuclei  of  the  reticular  zone, 
which  are  both  displaced  markedly  lateralward,  a  new  nucleus 
develops,  which  had  hitherto  never  been  mentioned.  Nissl 
calls  it  the  ventral  nucleus.  It  is  very  large,  and  occupies 
about  the  posterior  half  of  the  longitudinal  extent  of  the  thala- 
mus. This  nucleus  is  very  difl&cult  to  describe,  because  tran- 
sitions into  almost  all  the  other  nuclei  occur.  However,  it  is 
not  difficult  to  determine  in  it  three  cell  groups  of  definite 
arrangement.  The  lateral  ventral  nucleus  possesses  spindle 
cells,  the  medial  ventral  nucleus  large  cells,  the  dorsal  ventral 
nucleus,  on  the  contrary,  small  cells.  The  ventral  nucleus  in 
its  totality  represents  a  triangle,  the  base  of  which  rests  upon 
the  lamina  medullaris  lateralis. 

Soon  after  the  appearance  of  the  lateral  geniculate  body  the 
posterior  lateral  nucleus  develops,  which  contains  much  smaller 
cells  than  the  anterior  lateral  nucleus.  The  posterior  lateral 
nucleus  is  situated  between  the  lateral  geniculate  bodies  and 
the  anterior  lateral  nucleus.  In  these  frontal  planes  there  are 
to  be  made  out  in  addition  only  some  remains  of  the  ventral 
nucleus  of  the  reticular  zone,  the  ventral  nucleus,  the  posterior 
medial  nucleus,  and  the  nucleus  of  the  middle  line,  the  sepa- 
rated parts  of  which  have  again  coalesced  through  the  disap- 
pearance of  the  middle  medial  nucleus.  Besides,  in  these 
planes,  one  finds  also  the  ganglion  habenulse,  in  which  a  more 
distinct  lateral  nucleus  can  be  made  out,  containing  scattered 
larger  cells,  and  a  medial  nucleus  with  cells  pressed  close  to- 
gether. While  the  lateral  geniculate  body  becomes  much  larger, 
the  other  nuclei  diminish  in  size,  and  there  appears  between 
the  two  lateral  geniculate  nuclei  and  the  ganglion  habenulse  the 
8|  posterior  lateral  and  the  posterior  medial  nucleus.     The  latter 

shows  scattered  cells,  which  go  over  quickly  into  the  stratum 
j  griseum  centrale,  while  the  former  is  a  larger  nucleus  contain- 

li  ing  cells  closely  massed  together,  which  stain  feebly.     With 

I  the  appearance  of  the  posterior  commissure  and  of  the  medial 

ji  geniculate  body  the  posterior  lateral  nucleus  alone  still  remains 

iji  large,  while  only  remains  of  the  lateral  geniculate  body,  of  the 
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posterior  medial  nucleus,  and  of  the  ventral  nucleus  are  visible. 
Nissl  believes  that  Ganser  is  incorrect  when  he  states  that  the 
posterior  nucleus  goes  over  into  the  medial  geniculate  body, 
and  holds  that  von  Monakow  is  also  wrong  in  thinking  that 
this  nucleus  also  goes  over  into  the  lateral  geniculate  body. 
He  states  that  the  posterior  nucleus  is  always  sharply  separable 
from  the  two  geniculate  bodies.  The  lateral  geniculate  body 
consists  of  a  dorsal  nucleus  and  a  ventral  nucleus.  In  the  dor- 
sal nucleus,  again,  one  can  make  out  a  lateral-dorsal  nucleus, 
which,  in  contrast  to  the  dorsal  nucleus  proper,  possesses  far 
larger  cells.  This  lateral-dorsal  nucleus  is  identical  with  von 
Gudden's  centre  for  the  pupillary  fibres.  The  ventral  nucleus 
of  the  lateral  geniculate  body  can  be  distinctly  differentiated 
into  a  ventro-medial  nucleus  and  a  ventro-lateral  nucleus  con- 
taining cells  of  a  different  sort. 

According  to  von  Kolliker,  Nissl  has,  since  the  publication 
referred  to,  given  up  his  posterior  medial  nucleus ;  accordingly 
he  designates  as  the  "  posterior  "  nucleus  the  mass  of  gray  matter 
which  he  formerly  called  the  "  posterior  lateral "  nucleus.  He 
adds  still  another  undescribed  nucleus,  which  he  states  is  situ- 
ated close  to  the  taenia  thalami,  and  contains  numerous  spindle- 
shaped  elements. 

For  the  sake  of  convenient  reference,  I  have  arranged  these 
nuclei  described  by  Nissl  in  tabular  form. 

Nuclei  of  the  Thalamus  of  the  Rabbit  (according  to 

Nissl). 

I.  Anterior  Nucleus. 

(a)  Dorsal  nucleus. 

(b)  Ventral  nucleus. 

a  Dorso-medial  part. 
P  Ventro-lateral  part. 

II.  Medial  Nucleus. 

(a)  Anterior  nucleus. 

(b)  Middle  nucleus. 

(c)  Posterior  nucleus  (since  given  up). 

III.  Nuclei  of  the  Reticular  Zone  (Gitterschichkerne). 

(a)  Ventral  nucleus. 

(b)  Lateral  nucleus. 

(c)  Dorsal  nucleus. 
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•  I  IV.  Nucleus  of  Middle  Line. 

I'j  (a)  Dorsal  part, 

r  9  (b)  Ventral  part. 

i  B  V.  Lateral  Nucleus. 

i  1  (a)  Anterior  nucleus. 

?  2  (b)  Posterior  nucleus. 

VI.  Veyitral  Nndena. 

(a)  Lateral  nucleus. 

(b)  Medial  nucleus. 
.—                                           (c)  Dorsal  nucleus. 

1 1  VII.  Posterior  Nucleus  (now  designated  the  posterior  lateral 

1 9  nucleus). 

**  VIII.   Unnamed  Nucleus  (close  to  taenia  thalami). 

Von  Monakow*  has  carefully  studied  the  nuclei  of  the 
thalamus  in  human  beings  and  in  higher  mammals,  and  has 
compared  his  results  ^dth  those  obtained  by  Xissl  in  the  rabbit. 
He  widens  the  classification  which  dates  from  Burdach's  de- 
scription (vide  supra).  It  would  take  up  too  much  space  to 
introduce  here  a  detailed  account  of  his  findings,  but  the  fol- 
lowing table  will  give  a  fair  idea  of  his  classification  of  the 
nuclei  as  observable  in  a  series  of  sections  in  human  beings,  It 
is  to  be  especially  noted  that  von  Monakow  adds  a  distinct  ven- 
tral group  of  nuclei  to  the  older  descriptions.  Thus,  the  lateral 
nucleus  of  the  thalamus  (of  Burdach)  is  divided  by  an  arbitrary 
plane  into  two  halves — one  dorsal  (lateral  nucleus  of  von  Mona- 
kow) and  one  ventral  (belonging  to  von  Monakow's  ventral 
group  of  nuclei). 

Nl'clei  of  Thalamus  ix  Human  Beings  (according  to 

voN  MoNAKOW)  (Figs.  440-444). 


I 


0 


I.  Anterior  Nucleus. 

(a)  Ant.  a — the  main  mass  (Fig.  444). 
J  (b)  Ant.  c — ^an  accessory  anterior  nucleus  (Fig.  444). 

II.  Medial  Nucleus. 

jtt  (a)  Med.  a — the  main  portion  consisting  of  the  anterior 

M  and  medial  portions  (Fig.  44:^). 

ir  ■  (b)  Med.  b — the  centre  midian  of  Luys  (Fig.  442). 

^ 

lit' 


it.  t  *  Op.  cit.     Arc'h.  f.  Psyehiat.  u.  Ncrvcnkr.,  Berl.,  Bd.  zxvii. 
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III.  Lateral  Nucleus  (Fig.  444) — ^the  dorsal  half  of  Burdach's 

lateral  nucleus  of  the  thalamus. 

IV.  Ventral  Oroup  of  Nuclei, 

(a)  Vent.  ant.  (Fig.  444) — the  anterior  ventral  nucleus. 

(b)  Vent,  a  (Fig.  442) — the  middle  ventral  nucleus. 

(c)  Vent,  b  (Fig.  442) — the  medial  ventral  nucleus  {schaU 
enfurmiger  Korper  of  Flechsig  and  von  Tschisch. 

(d)  Vent,  c  (Fig.  441) — the  lateral  ventral  nucleus. 

V.  Nuclei  of  the  Reticular  Zone  {Gitterschichtkernej  Fig.  443). 
VI.  Posterior  Nucleus  (Fig.  441). 
VII.  Pulvinar  (Fig.  440). 

In  the  cat  von  Monakow  describes,  in  addition  to  the  nuclei 
above  mentioned,  (1)  a  nucleus  ayit.  b,  (2)  a  nucleus  med.  a. 
and  (3)  a  nucleus  med.  c  (nucleus  magnocellularis  of  the  medial 
nucleus).     He  divides  his  lateral  nucleus  into  two  parts,  lat.  a 

Pultvnnr. 

Corpus  geniculatum  mediale. 
'    Brachium  quadrigeminum  inferiua. 
'■*?    >.    /'      ColUculus  ftuperior. 

,'      /^-7*-v.,«^/  Aqueducttu  cerebri. 


!        ;       ^E^^c^  x-"..     ^^Deciusatio  brachii 
Corpus  ffenictUatum  laterale.       •  TfS^-"^>*  conjunctivi. 

Nwdeus  posterior  thcUami.        j 

Fio.  440. — Frontal  section  through  a  normal  human  brain  at  the  level  of  decus- 
Ratio  brachii  conjunctivi.  (After  C.  von  Monakow,  Arch.  f.  Psychiat.,  Berl., 
Bd.  xxvii,  1895,  Taf.  ii.  Fig.  10.)  .S'l,  lemniiious  superior  {ohere  sdileife) ;  S|, 
main  portion  of  lemniscus  medialis  ( llaupttheU  der  Schleifenschicht) ;  x,  lateral 
white  matter  of  lateral  geniculate  body. 

and  lat,  b.     The  nuclei  of  the  reticular  zone  {Gitterschicht)  he 
divides  into  an  anterior  and  a  posterior  group. 

Tschermak  *  speaks  of  a  medial  ventral  nucleus  in  tlie 
thalamus  which  is  identical  with  the  schalenformiger  Korper  of 
Flechsig  and  with  von  Monakow's  vent,  h.  The  middle  or  cen- 
tral nucleus  (vent,  a)  and  the  lateral  ventral  nucleus  or  vent,  c 

*  Tschermak,  A.  Uebor  den  ccntralcn  Vcrlauf  der  aufsteigenden  Ilin- 
terstrangbahnen  und  deren  Beziehuiigeii  zii  den  Hahnen  im  Vordorsoiten- 
strang.     Arch.  f.  Anat.  u.  Pliysiol.,  Anat.  Abth.,  Leipz.  (18J»8),  S.  201-400. 
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of  von  Monakow  are  grouped  together  by  Tgchermak  and  called 
the  "  ventral  nucleus  in  the  narrower  sense."  *  He  describes  th« 
fnlialenformiger  Korper  as  spreading  out  lateralward  and  going 
over  withuiit  sharp  limit  into  the  nucleus  lateralis  thalami.     It 


urnfrolrt  lattralU  thalnmi 


Fig.  441.— Fnntol  Bwtion  thro 

extremity  of  c  rpua  Rpn  c  1m 

PHychiat.    B<rl      IW    ixv  i    1895  "Hif        Fir    13 
of  lateiul  gcmculati'  body  ;  g,  lulfrnl  whiU-  outthT .] 

is  divided  bj  bands  of  meduUated  fibres  into  a  number  of  small 
groups  of  ganglion  cells.  Under  the  term  Thalnmusmansiv 
Tschermak  describes  the  more  or  less  egg-shaped  total  mass  of 
the  thalamus  which,  latero-ventrally  and  laterally,  as  far  as  the 
floor  of  the  lateral  ventricle,  is  surrounded  by  a  lamella  of  gray 
substance,  the  GiHerschichI  or  zona  reticularis.  This  Thala- 
vivssehale,  as  Tschermak  prefers  to  call  it,  is  continuous  with 
the  anterior  extremity  of  the  substantia  nigra  and  with  the 
corpus  geniculatum  mediale.  Ventral  from  the  Thalamufsc/iale 
lies  the  nucleus  hypothalamicus  (corpus  Luysi)  covered  by  its 
dorsal  white  matter,  the  so-called  frid  H^  of  Forel.  In  man 
the  nucleus  hypothalamicus  lies  upon  the  dorsal  surface  of  the 
basis  pedunculi,  but  in  the  cat  it  passes  through  the  latter  as  a 
coarse-meshed  framework  of  gray  matter.  On  the  lateral  side 
of  the  ThaUimvKgcknle  are  situated  the  fibres  of  the  capsula  in- 
terna (the  direct  continuations  of  the  white  fibres  of  the  basis 
pedunculi).  Inasmuch  as  the  TJialam-ufschale  leaves  the  Thai- 
amwxmai^w  uncovered  only  on  its  medio-ventral  surface,  a 
groove  13  formed  through  which  fibres  pass,  on  the  one  hand,  be- 
tween the  ThalamusschaU  and   the  Thalamusmaasiv,  and,  on 
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the  other  hand,  into  the  gray  matter  of  the  Thalamusechale  and 
of  the  Thalamtismassiv  themselves.  Accordingly,  Tschermak 
designates  this  the  Hilus  thalami.  The  fibres  which  enter  the 
thalamns  mn  in  company  with  other  fibres  which  leave  the 
thalamus,  in  places  forming  very  definite  bundles  which,  mn- 
ning  throagh  the  gray  matter,  divide  the  thalamus  up  into  a 
number  of  nuclei  or  groups  of  nuclei. 

Tscbenoak's  deecription  is  so  clear  and  agrees  bo  well  with 
what  one  actually  sees  in  sectione  through  this  region  that  some 
of  its  main  features  may  with  propriety  he  introduced  here. 
Numerous  bundles  can  be  seen  passing  outof  the  hypothalamic 
region  and  radiating  through  the  hilus  thalami  into  the  thal- 
amus itself.  These  include  the  remains  of  the  lateral  lemniecus, 
the  medial  IcmniBCUB,  and  the  radiations  of  the  red  nucleus. 
Some  fibres,  however,  approaching  the  hilus  scarcely  enter  it, 
but  torn  aside  again  to  break  through  the  Thalaviusschale  and 


Huriait  ittttifvrniit. 


Pio.  442. — Fruntal  gcction  th  ouch  a    unnal     unuiD     rs      at  th<'  level  of  (hp 
lower  end  of  the  nnc  eas  hypot  alam    uk.      Alt  on  Uonakow,  An-h.  f. 

P^chi&t.  Berl.,  Bd  ii  1895  Taf  F  R  ^  •>.  donal  white  matUr 
of  nuclena  ruber ;  p  v  n  ra  wb  nm  u  uu  u  ubcr ;  y.  lateral  wliite 
matter  of  nncleng  ruhe 

bend  around  past  tlie  nucleus  hypothalamicus  to  arrive  in  the 
basis  pedunculi.  In  man  the  fibres  of  the  ma  n  mass  of  white 
matter  in  the  hypothalam  reg  on  at  least  those  most  ventrally 
situated,  do  not  pass  through  the  h  1  s  nto  the  thalamus. 
These  ventral  fibres  on  the  contrary  r  n  along  the  ventral  sur- 
face of  the  Thalamut  ekale — that    s    between   this  and   the 
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nucleus  hjpothalamicus,  forming  the  "  dorsal  white  matter  "  of 
the  latter  {Feld  H^  of  Forel).  They  pass  kteralward  into  the 
bsBiB  pedmieuli,  and  so,  according  to  Ta<;hermak,  represent 
genuine   direct   hypothalamic   fibres  from    the    )iypothalamic 


Nueltut  Untlformii. 

KvdentvtntTt^ittkalami  - 
lant.i. 
Arutt  itnticntarit^  para 

ctortatin-  ~---^:^^^a|^&44 

*SW  /  -.:;=  ^^ 

FlQ,  413, — Frcintnl  Kectinn  throuKh  H  niirnuil  human  brain  at  the  level  of  the 
ansa  Iciitieularis  latiturinr  bi  the  iiiii'Il:iis  hyiKithalainii-unl.  lAftcr  (;.  von 
Mouakow,  An.'h.  f.  l-aychiat,.  Burl,,  M.  ixvii.  1895,  Taf.  iii,  Fig.  28.J 

region  to  the  basis  pedunculi.  Speaking  purely  topographically, 
these  direct  fibres  represent  a  continuation  of  the  bundle  which 
in  lower  regions,  eapecially  at  the  level  of  the  colliculns  su- 
perior, can  be  seen  passing  over  from  the  area  occupied  by  the 
lemniscus  medialis  ventro-lateralward  into  the  basis  pedunculi. 
These  are  the  fibres  which  Flechsig  designated  the  Fvsssrblei/e 
or  J'eduucidunsrhlei/e,  and  they  are,  Sehlesinger  believes,  prob- 
ably identical  with  the  fibres  of  the  lateral  pontine  bundles  of 
the  lemniscus  described  by  the  latter  author.* 

"  Dif  MeraU  poiiline  UBiideln  dtr  Sehlrife.  With  repard  to  the  Fua»- 
BcMeife.  Flechsig  is  now  a!  the  opinion  that  its  fllHTs  are  not  Hmori);  the 
cenlriiH'tAl  fibres  ot  the  lemniscus  medialis,  but.  on  the  conlrarv.  rc|>reM-iit 
descending  (centrifugal)  fibres  whit-h  jmas  downwanl  with  the  fibres  of  the 
pyramidal  tract  and,  entorin);  in  nil  prohnbililv  into  relation  with  llie  m<wt 
mi'diHl  liuudles  of  the  lemniscus,  |«i,is  with  the  lemniseiia  nit'dialis  by  wav  of 
Ihii  ipgriLcnlLim  to  tcrminiile  In  Ihc  nnclei  of  origin  of  the  motor  ceri<brHl 
nerves.  On  the  contrnrv  von  Jfcfhtcrew  believes  that  Flei-hsip's  FnnuirMeift 
is  idcnikiil  with  his  (vrin  Keclit crew's)  iemtrrut*  arcfuiforiufhe  BBndel.  part 
of  which  he  I'onsiders  tii  be  eentri[H'tul,  part  eenlrifuKnld^itiinKsbaJiricn.  II. 
Anli,  IISWI),  S.->:14.  ;n4.  :l]l>).  Schlesingcr's  bundles  are  con-^idiTeil  xn  (mf^e 
2:)7<>f  v„n  H«.direrewV  lK»,k  to  orn-KiNind  rnlluT  to  the  medialt  lieklei/e 
than  to  the  lerelrtute  arrensoriathe  !Schlfife. 
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In  man  Forel's  Feld  Jit  is  in  contact  at  its  anterior  ex- 
tremity with  the  compact  ansa  lenticnlaris  {Linsenkernschlinge 
of  Flechsig),  which,  apparently  beginning  (or  ending)  in  the 
nucleus  lentiformis,  circles  around  the  medio-ventral  border  of 
the  basis  pedunculi  and,  in  connection  with  the  so-called  medial 
peduncle  of  the  thalamus,  radiates  into  the  most  anterior 
ventral  region  of  the  thalamus.  Von  Monakow  distinguisheB 
in  the  ansa  lenticnlaris  three  principal  bundles :  (1)  A  dorsal 
bundle  which  goes  from  the  globus  pallidus  transversely 
through  the  peduncle  to  go  between  the  OilterKchicht  and  the 
nucleus  hypothalamicus.  This  bundle  corresponds  to  the  above- 
mentioned  hypothalamic  fibres  (Forel's  Feld  H^  dorsal  white 
matter  of  the  nucleus  hypothalamicus).  In  man  the  fibres  are 
much  more  numerous  and  arranged  in  the  form  of  a  much 
more  compact  bundle  than  in  the  cat  (Tschermak).  (2)  A  mid- 
dle portion  running  medio-ventralward  from  the  fibres  of  (1). 
This  middle  portion  of  the  ansa  lenticnlaris  forms  the  lateral 
and  especially  the  ventral  white  matter  of  the  nucleus  hypo- 
thalamicus connecting  this  body  with  the  nucleus  lentiformis. 
(3)  The  ventral  part  of  the  ansa  lenticularis  runs  between  the 
{ 

Capnla  tnttma      "^  f  I     X  thalam  . 

\  •^J'V    TanallmUimi. 

*  ^  ^       -*  Fanclrului  (fta(nn< 
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[vii,  1895.  Taf.  iv,  Fig.  33, 


pednncnlus  cerebri  and  the  tractus  opticus  medialward  and 
sends  some  fibres  into  the  commtssura  hypothalamica  media  of 
Meynert,  but  the  main  mass  of  its  fibres  form  the  so-called  ansa 
peduncnlaris  •  which  extends  to  the  most  anterior  ventral  part 
of  the  thalamus  of  the  same  side. 

•  Hirntcheiiktlachlingt  of  Flechsig. 
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It  is  von  Monakow's  opinion  that  the  fibres  of  the  dorsal  part 
(Forel's  Feld  H.^)  unite  with  the  main  mass  of  the  ventral  part 
of  the  ansa  lenticularis,  and  that  accordingly  the  ansa  lentic- 
ularis  is  in  the  main  a  connecting  bundle  between  the  nucleus 
lentiformis  and  the  anterior  ventral  parts  of  the  thalamus  (and 
also  the  tuber  cinereum),  some  of  the  fibres  being  interrupted 
in  the  nucleus  hypothalamicus.  Flechsig  has  come  to  the  con- 
clusion that  there  is  a  relatively  important  connection,  partly 
direct  and  partly  indirect,  by  means  of  the  nucleus  hypotha- 
lamicus, between  the  nucleus  lentiformis  and  the  thalamus. 
This  is  brought  about,  however,  he  believes,  only  by  way  of  the 
middle  and  the  ventral  part  of  the  ansa  lenticularis.  The 
dorsal  part  of  the  ansa  lenticularis  {Feld  H^  of  Forel)  repre- 
sents, on  the  other  hand,  according  to  Flechsig,  the  continua- 
tion of  a  large  part  of  the  cerebellar  tegmental  (or  conjunctival) 
radiation.  The  fibres  go  into  the  nucleus  lentiformis  and  thus, 
according  to  Flechsig,  represent  a  radiation  from  the  brachium 
conjunctivum  into  the  nucleus  lentiformis.*  Another  part  of 
this  radiation,  however,  goes  by  way  of  the  red  nucleus  through 
the  hilus  thalami  into  the  ventro-lateral  group  of  nuclei  of  the 
thalamus. 

We  may  now  consider  seriatim  those  bundles  of  centripetal 
fibres  which,  passing  into  or  through  the  cerebral  peduncle, 
may  be  concerned  in  the  forwarding  of  somaesthetic  impulses. 
These  are  {a)  the  lemniscus  or  fillet,  {h)  the  fasciculus  longi- 
tudinalis  medialis,  (c)  the  formatio  reticularis  alba,  and  {d)  cer- 
tain fibres  of  the  brachium  conjunctivum  and  radiations  of  the 
nucleus  ruber. 

(a)  The  Lemniscus  or  Fillet. 

The  term  lemniscus  laqueus,  or  fillet  (German  Schleife, 
French  riiban  de  ReiJ)^  was  first  applied  to  that  triangular  area 
on  the  lateral  surface  of  the  isthmus  rhombencephali,  which 
separates  the  brachium  conjunctivum  from  the  surface  (Fig. 
445).  This  area,  now  called  the  trigonum  lemnisci,  corresponds 
to  what  is  now  known  as  the  lateral  lemniscus. 

With  tlie  progress  of  anatomical  knowledge  the  complexity 
of  the  nerve  paths  comprehended  in  the  term  lemniBCOS  has 
rapidly  grown  until  at  present  the  beginner  often  has  diflBculty 


*  Bindenrm-LinJifnkemstrahlung, 
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in  understanding  the  meaning  of  the  variouB  names  applied  to 
the  different  portions,  especially  since,  nnforttinately,  the  samo 
temi  has  been  used  by  different  authors  for  designating  entirely 


Cgl    pui 


FlO.  US. — LithmuB  rhombenccplmti  si'pn  in  profile,  (Aftf  r  J.  Dujcrine.  AoBtomle 
dee  centTva  nerveui,  t.  i.  Paris.  1895.  p.  328.  Fie.  103. )  BII.  trw'Uu  opticuH ; 
BrQa,  brachium  quBdrigeminum  Huperiua;  firOp,  braehiuni  quadri- 
gi^minum  inrurius;  Ofe,  corpUH  Kfniculatum  latfiaTi-:  Cgi.  <-<irpufi  genii- 
Dlstum  mrdiale;  Chll,  chiasnia  upticDin  ;  Oaf,  uirpu"  restifumu- ;  Fla, 
funiculus  lateiBlIs  of  mcdullH  nbliiDg&tu ;  faa,  flhne  aruuHtn  eiternit-. 
Fob,  fibne  supiTflcialrB  puDtisj  C^,  vorpus  pincale;  XII.  K.  opticus; 
Oi,  olivH;  F,  pcdunvulUH  ccri'hri ;  Ann,  bnichiuni  pnotis:  iVs.  Iirnchium 
conjunctiviini ;  Ai,  pons  Varulii :  Pul.  pulvinar;  /^.  pyrenii/i;  ^,  uillir.uluH 
superior;  Op,  colliculuH  inferior;  Rl,  trigonum  leninisi-i ;  Rm,  lemuLicuH 
mr^lialis ;  M,  mili'us  lateralis  ;  Th,  tlialitmus ;  Tpo.  ttenia  puiitis ;  1^1.  tiBctUD 
peduDculariH  trausvcisUB. 

different  paths.  The  two  principal  portions  of  the  lemniscua 
are  (1)  the  lemniscus  lateralis  or  lateral  fillet  (inferior  fillet, 
UHlere  Schleife  rtihan  tin  Rdl  hiferieitr),  and  {'i)  the  lemniscus 
medialis  *  (including  the  main  portion  of  the  lemniscus,  f  the 


*  HmpiieMeife. 


f  Jlanptthtil  der  Sehleifeneehichl. 


THE  NERVOUS  SYSTEM. 


superior  fillet,  *  certain  scattered  bundles  of  the  medial  lemni^ 
cus,  f  and,  finally,  the  medial  accessory  IcmnlHCiia  X)  {^'^S-  440). 


Fin.  446.— Schomntic  ivpnwntati<iii 

rfgiiin  iirthf  wipiTiiir  rcillifulus  of  the  I'liriBin. _„ 

Id'chlcrrw.  Die  Lcituiij(ii1«hrLpn  im  <7ehlrn  iiiiil  KurkpTin 
vim  K.  Wi-inbvnc.  II.  AuH..  Ud|iz.,  IflW.  S.  347,  Fik- 334.  <  rrr.  ilei'uaMtio 
Ivjiniviiti  vcntnliB  (Fun-lir.  rrf,  dct'iuvutiu  ti'Kini-iiti  iliirMtlin  [MFr<i<.''1'' ; 
n\  uquiilllctUH  ivTtlirl :  ftp,  ciiinminiUn  iHHIiTinr  crn-brj ;  ep.  vumm  puri- 
liijci-niliiuni  inm  BiTlib-rcw  >  -.ft,  latMsl  buiullc  i>r  hmU  pt'dimi'Dll ;  it.  nu-dUl 
'■      *  ■     ■        ■"  icnli ;  Jr.  flucicliluii  n-tnjfli'iuii  Mi'.vniTli :  ft.  fanKK-a 


iHindlc  (if  btuia  pcdundlli ;  Jr,  fUiHncliluii  n-lmflciii 


.  ,    „. _  ,__. .__ lunm  to  donwl  di>- 

■■iiMBtiim  or  Mc7ni<rt>;  (,  iL-mDfiicuii  mnliHliH;  )*.  fibn-  hnndlp  fruiii  the 
I'i'lliiiiliiH  liifrrior  tu  the  thalnmuit :  Ip,  cratriAigul  (motorj  flbn-«  gtang  fhiiu 
Imiiiii  iHfluiiruli  t»  n-frinii  of  Uinniw.aH,  prohahly  tcnnlluitinfc  farther  Hplnnl- 
mnliii  the  nurM  of  nrif^n  of  the  motiir  cnvlinl  niTvni  (S|iitxha'R  handlr. 
Mnftitfr  aeeitmriirhe  firklnff  of  von  BcrhtcTcw ;  JlSnilrl  rom  Fhu  zKrt'rkMfi  of 
tile  Ch-niuDHi ;  hp,  urattvnil  Iwndlnt  of  tbi-  IimdiiIkiu  {ttrtlrnitr  UrUri/en- 
bSndrl  of  vim  Rivht<>rpw  ;  FKiuantlrife at  Flrchw|t>;  no,  tmrtua  opticlu ;  hi. 
niu:li>nM  iHtmlls  HUtwHor  (if  Plcrhid ft  (KiTfrK*  iRBMBimifNi  of  von  BM'htt-ivw  1 : 
nil  III,  iliimnl  part  of  nurlriu  ncrri  otnilomiitorii ;  mt  III,  mrdlal  part  of 

1 1  .._■ — II  .    _     -jig^i.u]!   mnm"-'' -    »--.;-—• J— 

•  Olitre  Srblfifr  ur  riiban  de  Reil  xup/ritur. 

t  Zrrnlrculi-  arrejuu/riachf  Biiiidrln  drr  .Sr/iUi/eriKhirhl.  von  Beuhtcrtiw ; 
FuMThhi/f  of  Flechsig. 

t  lltdiiileiiaef-ftsoriHehrH  Hiindel ilrr  SehUifr.  yon  Itechterew,  or  continu- 
ation of  llif  JiUndel  vum  Fiaa  gur  tkhleife. 
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Of  these  varioua  bundles  wo  may  exclude  from  the  genersl 
centripetal  path  now  being  considered  (I)  the  lateral  lemniscus 
which  is,  in  the  main  at  least,  a  central  acoustic  centripetal 
path;  (2)  probablj  apart,  at  least,  of  the  scattered  bundles; 
and  also  (3)  the  medial  accesBory  lemniscus  which  becomes 
medullated  at  a  later  period  than  the  resit  of  the  lemniscus  and 
which,  after  solution  of  continuity,  degenerates  downward,  not 
upward,  and  is  therefore  to  be  regarded  as  a  centrifugal,  prob- 
ably a  motor  path,  and  not  as  a  centripetal  or  sensory  path  {vide 
Chapter  LXIl).  The  old  view  of  Meynert  that  the  lemniscus 
passed  through  the  lateral  part  of  the  basis  pedunculi  was  dis- 
proyed  by  Flecbsig,  who  showed  that  this  area  in  the  pes  rep- 
resented a  c ere bro-eortico-f rental  path  which  has  nothing  to  do 
with  the  lemniscus. 

The  medial  lemniscus  is  made  up  liirgely,  as  we  have  seen 
above,  of  the  axones  of  neurones,  the  cell  bodies  of  which  are 
situated  in  the  nucleus  funiculi  gracilis  and  the  nucleus  funic- 
uli cuneati  (the  medial  part  of  the  latter,  according  to  von 
Monakow)  of  the  opposite  side  of  the  medulla  oblongata. 
These  medullated  axoues  we  have  traced  as  internal  arcnate 


Fio.  447.— Traiuvfiw  SMCion  thmufth  modnlln  oblniiKBts  uf  nrwhiirn  iliild  at 
Ivvel  or  deciMBtio  IcmniHctiiuiii.  iScrivs  ii.  scctiim  tiit.  50.)  I'.c..  iinwlis 
ctntniliB;  Dee.l..  ilei-UKwitici  IcnmlMoniiii ;  F.a.i.,  fibne  an-uatu-  iiitrinir: 
F.a.r..  fibiK  arcuata-  i-xti'ma- :  F.r...  funrirulus  ruiwatUH  BnnLirhl ;  F.r.  Ut 
F.T..  bundles  from  fawk'nlnx  ciinnliiH  ti>  fiimiatki  irticuUriH :  f.r(»,  barir- 
uluH  (vtcbellcMpiiialiii  ur  tlin-rt  nn-lHlliir  trart ;  F.9..  fiwrhiiltiN  (trarflis 
(iolli;  F.r.p..  fkaciciilDH  vt'iiliuliK  pnipHuK:  .Vn.ntM..  nUvlcliH  riimmiiwiiTaliN; 
A'H./.i;.,  Dui^tus  funiivuli  I'liiicati :  Xh./.i/,,  iiuHi-ub  niniriili  itnicilis ;  1%.  iiyia- 
mfai ;  T.t.n.  I'.,  tractux  iqiiiiatiH  K.  triKoniiiii :  .''.o..  HubHtHiitin  gt'latiiuMi  [It<i- 
Undl],     (Wi-iBL-rt-Pal  prtpuiHtiiiii  by  Dr.  Jiihii  Hvwrtwm.) 

fibres,  which  undergo  decussation  in  the  raphe  (decussatio  lem- 
nisGomm,  Fig.  447),  then  to  turn  forward  to  run  through  the 
stratom  interolirare  lemnisci  into  the  broad  flat  band  situated 
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in  tliii  ventral  part  of  the  pure  dorsalis  pontis  (Fig.  US).     In  the 
upper  part  of  the  pons  the  medial  lemniscus  comus  to  occupy  a 


in.  44H.  — TianHTunie  BKtion   thrungh    iBthmtu    rhombencnphHli    of    nrwhiim 

bulir.    iWeiwrt-Pal.  serien  ii,  M-vtioii   Nii.  26S.)     Br.toHJ.,  Imii'hiuni  i - 

junvtivum  ;  I'.i..  cullimluH  inferior;  7.  iiui'lcui'  tlpiwribi'd  hy  Wfiiliihal  im 
proWbly  i-oni-urnod  In  tlic  oriiriu  iif  the  S.  tnirhlfBrin ;  FXm..  ruwii-uliu 
lunKiludinsliH  mc^luilis;  F.Py.,  taiacitaW  Inu^itudiiialeii  [iiynmiidHlm] ;  I.A., 
Ic'iuniKUK  lalcralbi:  L.«..  lemiiw'u*  uii-diiihii:  .V./l'..  dccunBtio  m-rvoniin 
triKhlfuriutii ;  A'.  I',,  N.  trigumlnuii ;  Ka.l.l.,  nudi'iin  lemniHri  Utvittlm; 
.Vi'.r.(..  imcltuB  rpliculHria  k-Kinciiti  pDiitio;  R.d.V,.  radii  demi-mlfiii'  [nuwii- 
Lt'Iiliulii-H]  nurvi  trijiuiuiiii.    t  I>iv|iiinitiun  b;  Pr.  Juhn  Hi-nftwiii. ' 

more  lateral  position  (Fig.  449),  and  in  the  midbrain  changes  the 
direction  of  its  long  diameter  in  cross  section ;  whereas  in  the 
pons  the  long  diameter  of  the  lemniscus  is  transverse,  or  latero- 
meditil  in  direction,  in  the  midhrain  it  is  almost  vertical  or  dorso- 
vcntnil.  The  transition  from  the  one  form  to  the  other  takes 
]>laie  by  means  of  a  gradual  curve,  very  well  shown  by  u  recon- 
struction made  by  Miss  Florence  Sabin.  It  is  to  be  especially 
empliasized  that  the  terms  medial  lemniscus  and  lateral  lem- 
niscus hold  for  only  a  part  of  tlie  course  of  theso  two  bundles, 
for  while  in  the  [>ons  it  is  true  that  the  lateral  lemniscus  is 
situated  nearer  the  surface  of  the  metencephalon  than  is  the 
medial  lemniscus,  stiti  in  the  isthmus  the  lateral  lemniscus 
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ra.  UK. — Horizontal  sectTon  tlinugli  the  medulln  pons  and  mKlbram  uf  u  new- 
born bitlw.  Wei^rt-Pal  atainin^  Le\Ll  of  doraal  part  of  coipna  trapvKoi- 
denm  and  (loraal  portion  uf  uudeuH  >li\sru  infinor  i Series  iii  section  No, 
122.)  C.I.,  L'orpUB  trapezoiili  urn  Dec  Br  Omj  decUNtiutlo  bnirhil  coiijuDi;tivi ; 
DecBeehl..  cummiaHire  bitueiu  Bmhtcrew  s  nndti  i)  c  n  r  dorsal  oipsule 
ornncleuit  ruber;  f  a  I  Qbne  arcuats  intirnie  Fate  rrtrof  foBL [cuius  ret ro- 
flexus  Mcynerti ;  Flm  fiutciiulua  loiiKituiIiiialih  medialis  Ftp,  bundle 
wjntinnonB  with  the  fascitvilus  Istiralis  propnuii  ut  thi  iiitd  Fl  p  id\  doisal 
portion  of  bundle  lontiniiuuij  witb  fusticulUK  Litiralis  projinus  of  the  coni ; 
LX,  lemniscus  lateralis  /  m  lemnurua  nipdialis  A  ///  mdii  N.  oculii- 
motorii :  K.Mot.  V  motor  rout  of  Fi  triKiminus  %  I  BCnsory  root  or  N. 
trigeminus;  A'-K/  radii  N  abduc^ntis  h\ll  radiT  N  fai lilin,  para  ac- 
cunda,  A'.  iMl.,  radiiN  tcstibuli  \XI  mdii  \  nciewini  ^  \//.,  radix 
N.  bypogloasi ;  AnFIiti  nniUus  faKiculi  tonfiitudiiuilis  niidinlia.  or  uu- 
i^luuB  <-ominiaBurffi  postenonn  luArrrr  Ocii/anoloniutn'n  uf  DHrkschiwitsch I ; 
Xu.n.III.m,,  pars  imiwr  of  nticit  us  V  oiuloniolorii  ^H  n  III  I  parH  latvrvtis 
of  nucleus  N.  ovulouiotoru  \h  o  ■  nuHeus  □]i\anH  BUixnur  Xu.n.e.V., 
nucleus  N.  cocblece  ventrelis  J\u  a  t  nncUus  olivans  inferior  A'u.u.a.n.. 
nucleiu  oliTaris  aLceasonus  medialis  TV  fr  nu  1}  tract  from  Deitera'  nucleus 
to  the  spinal  cord,     i  Prepuration  by  Dr  John  Hewelson  > 
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passes  medialward  and  dorsalward,  in  order  to  merge  into  the 
inferior  colliculus  of  the  corpora  quadrigemina.  At  the  same 
time  a  large  portion  of  the  medial  lemniacus  passes  lateralward 


)f  babc'B  brain  Bhnrtly  afUT  birth  (nwtion  76).     A.I., 

,   capMila   interna:    F.I^..    Cuiriuuli    n'rcbniiipiDalt* 

n  lai'AM'ui  terminating  in  ventral  pnrtiun  nf 

o..   tm^tUH  iipticuH;    /.  HUbHtantia  nitrm ;   -i, 

nuclcUH  hyiHithalaniiciis  icfirpiui  LuyHi) ;  3.  centre  mfiliaH  <if  Luyn;  i,  nuclenii 
arcuatiin  dfhnltii/iirmiqff  Karurr  of  Mn-hMK  and  von  TBchisrh) ;  j7,  nuclvua 
Irntirnnnis :  6,  i^orpUH  gpnicufnlum  mt.'diale  und  bvueath  it  the  flbrra  of  the 
hnu-hiiini  quudrigtminum  infiriuH. 

and  dorsalward  toward  the  superior  colliculua  of  the  corpora 
quadrigemina,  and  accordingly  comes  to  occupy  a  position  as  far 
lateral  as  the  lateral  lemniscuB.  This  portion  of  the  medial  lem- 
niscus running  toward  the  superior  colliculus,  and  partly  ending 
in  its  gray  matter,  is  known  at)  the  superior  lemniscus  or  fillet  • 
{obere  SrhUife  of  Forel,  rubttn  de  Reil  HHpericur).  The  main 
portion  of  the  lemniscus  runs  forward  and  somewhat  lateral- 
ward,  being  bounded  ventro-I  ate  rally  by  the  substantia  nigra 
and  dorso-medially  by  the  red  nucleus  and  the  white  fibres 
which  pass  from  its  lateral  surface  into  the  hypothalamic 
region.  The  venti^l  portion  of  the  superior  fillet  remains, 
however,  for  a  considerable  distance  in  direct  contact  with  the 
dorsiil  border  of  the  main  portion  of  the  medial  lemniscus. 

•  While  thiw  is  Ihf  clcupription  nsualty  given  of  the  superior  lemniacus.  it 
roust  be  puintcct  nut  I  hat  von  IWhIerrwin  his  Leitangsbahiien  (1894),  p.  113, 
slates  Ihiit  the  iilirre  Srhlnfe  of  Forel  ante*  from  the  nucleus  colliculi 
inferior!^,  anil  pa.-^es  beneath  the  colUculu9  superior  to  become  lost  in  the 
l>f»terior  |iHrt  of  the  Ihaiiamus. 
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Above  the  decussation  of  the  brachium  eonjunctivum,  however, 
in  the  hypothalamic  region  a  certain  amount  of  gray  matter  is 
intercalated  between  the  upward  continuation  of  the  superior  lem- 
niscus and  the  upward  continuation  of  the  main  portion  of  the 
lemniscus,  so  that  in  coronal  sections  through  the  hypothalamic 
region  one  sees  two  separate  and  distinct  bundles,  that  more  dor- 
sally  and  laterally  placed  corresponding  to  the  superior  lemniscus, 
while  the  larger  one  more  ventrally  and  medially  placed  cor- 
responds to  the  main  portion  of  the  lemniscus.  This  separa- 
tion into  two  distinct  bundles  in  the  lower  hypothalamic  re- 
gion, however,  is  not  to  be  made  out  in  frontal  planes  a  little 
farther  forward.  In  these  planes  the  fibres  of  the  superior 
lemniscus  become  inextricably  mixed  with  those  of  the  main 
portion  of  the  lemniscus,  and  for  some  little  distance  farther 
forward  any  attempt  to  separate  the  fibres  belonging  to  the  two 
bundles  by  purely  anatomical  means  is  entirely  impossible. 
The  mixed  bundles  turn  somewhat  lateralward  and  doi'salward, 
and,  breaking  up  into  small  fasciculi,  become  lost  in  the  gray 
matter  of  the  ventro-lateral  portions  of  the  thalamus  (according 
to  von  Monakow,  in  the  caudal  portions  of  his  ventral  group  of 


Fig.  451. — Sagittal  section  through  portion  of  ccn*bruni  of  child  shortly  after 
birth  (section  108).  A.i.,  anssi  lenticularis :  C.i..  capsula  interna:  F.I*y., 
fa.*4riculi  pyramidah's  in  hiu^is  pe<luncu1i :  L.in..  lemniscus  nic<lia1  is  termi- 
nating in  ventral  nuclei  of  thalamus:  Th.,  thalamus:  T.o.,  tractus  o]»ticus : 
/.  substantia  nigra:  2.  nucleus  hypothalamicus  (corpus  Lu.vsi»:  .>.  nucleus 
lentiformis. 

nuclei  in  the  thalamus).  In  Figs.  450,  451  is  shown  a  sagittal 
section  of  the  brain  of  a  babe  shortly  after  birth,  illustrating 
the  relations  here  under  discussion. 


094  THE  NKRVOUS  SYSTEM. 

There  can  be  but  little  doubt  that  the  lemniBCUB  considered 
in  its  whole  length  from  the  nuclei  of  the  dorsal  funiculi  in  the 
medulla  oblongata  to  the  ventro-lateral  region  of  the  thalamus 
includes  the  axones  of  neurones,  which  are  of  very  different 
origin,  and  probably  of  physiological  significance.  Thus,  there 
is  much  evidence  to  show  that  not  all  of  the  axones  going  from 
the  nucleus  funiculi  gracilis  and  nucleus  funiculi  cuneati  into 
the  lemniscus  pass  as  far  forward  as  the  thalamus.  One  large 
series  of  fibres  leaves  the  medial  lemniscus  just  above  the  corpus 
trapezoideum  in  order  to  terminate  in  the  nucleus  reticularis 
tegmenti  pontis  of  von  Bechterew.  Many  of  them  end  in  the 
gray  matter  of  the  medulla  itself,  others  in  the  gray  matter  of 
the  pons,  still  others  in  the  gray  matter  of  the  isthmus  and  of 
the  midbrain,  and  finally  many  of  them  terminate  in  the  gray 
matter  of  the  hypothalamic  region,  short  of  the  thalamus. 
Tschermak,  by  Marchi's  method,  has  traced  degenerated  fibres 
of  the  lemniscus  to  the  centre  median^  and  Luys'  body  of  the 
same  side,  and  to  the  globus  pallidus  of  the  opposite  side.  We 
are  thus  justified  in  speaking  of  bulbo-pontal  neurones,  bul- 
bo-mesencephalic  neurones,  bulbo-hypothalamic  neurones,  and 
the  like.  It  seems  to  be  true,  however,  that  the  majority  of  axones 
passing  from  the  nuclei  of  the  dorsal  funiculi  in  the  medulla  into 
the  lemniscus  reach  the  ventro-lateral  group  of  nuclei  in  the 
thalamus  before  terminating.  In  transverse  and  horizontal  sec- 
tions through  the  brain-stem  of  the  newborn  babe,  stained  by 
the  Weigert-Pal  method,  I  have  been  struck  by  the  very  evident 
masses  of  fibres  of  the  lemniscus  which  enter  into  relation  with 
the  substantia  nigra.  The  method  does  not  permit  one  to  say 
whether  these  fibres  ascend  in  the  lemniscus  to  terminate  in 
the  substantia  nigra,  or  arise  in  the  substantia  nigra,  and  de- 
scend in  the  lemniscus,  though,  a  prioriy  the  former  of  these 
two  possibilities  seems  the  more  probable.  The  bundles  are  so 
definite  (Figs.  452  and  453)  that  Miss  Sabin  has  been  able  to 
introduce  them  easily  into  her  reconstruction  of  this  region. 

In  addition  to  axones  of  different  lengths  arising  from  the 
cell  bodies  situated  in  the  nuclei  of  the  dorsal  funiculi  of  the 
medulla,  there  are  contained  in  the  lemniscus  axones  of  neu- 
rones the  cell  bodies  of  which  are  situated  in  various  gray 
masses  all  the  way  from  the  medulla  oblongata  to  the  thalamus. 
Thus,  by  Golgi's  method  and  by  the  method  of  secondary  de- 
generation it  has  been  shown  that  many  of  the  axones  of  the 
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lemnigctie  arise  in  the  gray  matter  of  the  formatio  reticulariB  of 
the  medulla  oblongata  and  of  the  tegmental  region  of  the  pons. 
Further,  the  nuclei  of  reception  of  the  Bensory  cerebral  nerves 
doabtleBS  contain  cells  which  contribute  axoues  (sensory  neu- 
rones of  the  second  order)  to  the  medial  lemniscus,  and  finally 
from  the  gray  matter  of  the  midbrain  and  hypothalamic  region 
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Tio.  tS3.— TntiBTEIse  section  through  mcBencephBlon  of  newborn  babe.  Lfvtl 
of  colliciili  supcriorcH  of  corpunt  qundrigcntinH.  (Wfigcrt-Pal.  avrien  ii,  acr- 
Uon  No.  338.)  Aq.oer.,  Hqunlui'tus  rcn-bri:  }>fr..lir.(biij.,  dpcuasatiu  bnii^hil 
I'lmjunrtivi ;  /).(.,  det'iiHiatio  tfKmcnIi  vtntraliB  {rfntrah  HaHbrnkrrHiung  of 
Fiirfl) ;  F.l.m..  faarfwi1u«1cinKitvidiiuilisinodi»liit:  F.Fs,.  fiiacicnli  pynuDidal™ 
in  tbc  panbasilariH  piintiH;  I..m.,  lemniscus  mcdialiH;  A'./l'..  N.  Cruclileariii; 
AVi.».,  nucleiw  latcralin  snperinr  nf  Flifhflig:  ,V«.n.n'.,  nuvlpus  N.  troch- 
Icsria-.  Hl.alb.p.,  HlrHtiim  album  pri>fuD<luni :  fl.gr.r.,  struCitm  erJHrum  I'un- 
trele;  S.n.,  HUbstuntia  nigra.     ( Pre [laration  by  l>r.  John  HewKtson.) 

it  seems  probable  that  axones  pass  through  the  lemniscus  to 
the  region  of  the  thalamus.  The  medial  lemniscus  is,  there- 
fore, a  very  complex  tract,  consisting  of  fibres  of  difEerent 
length,  of  different  origin,  and  of  different  termination.  It  is 
tbuB  not  dissimilar  in  constitution  from  many  other  tmcts 
which  have  been  well  studied — for  example,  certain  fasciculi  of 
the  cord,  the  fasciculus  longitudinalis  medialis  of  the  rhomb- 
oncephalon,  and  the  like. 

There  has  been  for  a  long  time  much  dispute  as  to  the  rela^ 
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tions  of  the  medial  lemniscus  to  the  cerebral  cortex.  Two 
main  views  may  be  said  to  have  been  dominant.  According  to 
the  one,  formerly  championed  in  the  main  by  Flechsig  and 
Uoesel,  a  large  majority  of  the  axones  making  up  the  lemnis- 
cus in  its  course  through  the  rhombencephalon  pass  without 
interruption  through  the  internal  capsule  and  out  through  the 
corona  radiata  to  the  cerebral  cortex.  According  to  the  other 
view,  supported  by  Mahaim,  von  Monakow,  and  others,  very 
few,  if  any,  of  the  fibres  of  the  lemniscus  pass  directly  without 
interruption  to  the  cerebral  cortex.  According  to  the  latter 
observers,  the  majority,  if  not  all,  of  the  fibres  of  the  lemniscus 
terminate  in  the  interbrain,  chiefly  in  the  optic  thalamus,  the 
connection  with  the  cerebral  cortex  being  made  by  means 
of  neurones  of  a  higher  order.  Inasmuch  as  an  accurate 
knowledge  of  the  exact  relations  existing  here  is  of  fundamen- 
tal importance,  it  seems  desirable  to  consider  briefly  the  history 
of  these  two  views  (Fig.  454)  and  the  evidence  thus  far  brought 
forward  in  favor  of  each. 

Before  entering  into  this  discussion,  however,  it  will  be  well 
to  clear  the  way  by  defining  the  term  "cortical  lemniscus" 
{Rindenschleife  of  the  Germans,  ruhan  de  Reil  cortical  of  the 
Belgians  and  French).  This  term  was  introduced  by  von 
Monakow  in  1884  as  the  result  of  experiments  made  by  von 
Gudden  and  himself.  Von  Gudden  *  showed  that  removal  of 
the  cerebral  hemisphere  in  the  rabbit  by  his  method  was  fol- 
lowed by  atrophy  of  the  lemniscus  f  as  far  down  as  the  corpus 
trapezoideum.  Yon  Monakow  J  found  that  removal  of  a  por- 
tion of  the  parietal  lobe  in  the  cat,  corresponding  to  the  "  zone 
F "  of  Munk,  led  to  marked  atrophy  of  the  lemniscus,  which 
extended  not  only  as  far  as  the  corpus  trapezoideum,  but  also 
through  the  interolivary  layer  and  internal  arcuate  fibres  of  the 
opposite  side  to  the  nuclei  of  the  dorsal  funiculi  in  the  medulla 
oblongata.  He  could  make  out,  after  a  long  time,  not  only 
atrophy  of  the  fibres  of  the  lemniscus,  but  also  degeneration  of 

*  von  Gudden,  B.  Beitrag  zur  kenntniss  des  Corpus  mammillare  und 
der  sogenannten  Schenkel  des  Fornix.  Arch.  f.  Psychiat.  u.  Nervenkr., 
BerL,  Bd.  xi  (1881).  S.  428-452. 

t  Reichert*s  Schleife. 

X  von  Monakow,  C.  Kxperinientclle  Beitrage  zur  Kenntniss  der  Pyra- 
raiden-  und  Schleifenbahn.  Cor.-Bl.  f.  schweiz.  Aerzte,  Basel,  Bd.  xiv  (1884), 
S.  129 ;  157. 
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the  ganglion  cells  of  the  nucleus  funiculi  gracilis  and  of  the 
medial  part  of  the  nucIeuB  funiculi  cuneati  of  the  opposite  side. 
Inastnach  ae  the  welfare  of  a  large  portion  of  the  lemniscus  is 
obviouely  dependent,  as  these  ezperimentB  showed,  upon  the 
integrity  of  the  cerebral  cortex,  von  Monakow  introduced  aa  a 
designation  for  that  part  of  the  lemniscuB  which  degenerated 


Pia  4M  —Two  srhcinpB  illustratinK  tlie  two  main  Tiewi  concerning  the  coune 
nud  mUmiptirm  uf  thcgcnerel  iwiiBory  l»th  (lemniwus  medialiBl.  (After  A. 
vnn  Cn liui litrii  \natoinie  da  HyHtrme  nerveax  de  I'liomme,  Lnuv.,  18»T.  p, 
THi  liKs  M4  MS  A  M  luiui  illuxtniting  the  vivw  that  the  lemnbi-u>  niDi 
nutclinitiv  to  the  iurt4X  without  interruption  in  the  thalamiu.  B,  schenw 
illuttiHlinK  thi  view  tlint  thi  leniuiacus  is  coanected  with  the  cortex  indi- 
rtitlr  Uing  interrutidd  iu  Chi  rbaUmus. 

on  removal  of  the  cortex  the  term  "  cortical  lemniscus"  (fit'mfew- 
tchleife).  The  term  liindenschleife  has  been  used  in  a  very 
difTerent  sense  by  other  investigators,  but  it  seems  better  to 
limit  its  use  to  the  significance  attached  to  it  by  von  Monakow. 
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A  little  earlier  Spitzka*  had  described  a  ease  in  which, 
following  haemorrhage  in  the  region  of  the  lemniscus  inside  the 
pons,  there  had  resulted  degeneration  of  the  fibrsB  arcuatas  in- 
ternee and  of  the  nuclei  of  the  dorsal  funiculi  on  the  opposite 
side  of  the  medulla  oblongata. 

The  view  of  Flechsig  f  and  Hoesel  and  those  who  adhere  to 
the  same  opinion  dates  from  Flechsig's  study  of  myelinization 
in  1881,  but  is  based  mainly  upon  the  study  of  a  case  by  Hoesel 
in  Flechsig's  laboratory.  J  In  this  case,  following  an  old  defect 
(porencephaly)  of  the  left  cerebral  hemisphere  involving  prin- 
cipally the  posterior  central  gyrus,  there  had  resulted  secondary 
disease  of  the  main  portion  of  the  medial  lemniscus,  which  ex- 
tended all  the  way  to  the  nuclei  of  the  dorsal  funiculi  in  the 
medulla.  Hoesel  concluded  that  nine  tenths  of  this  portion 
of  the  lemniscus  was  "  cortical  lemniscus,"  and  that  not  only 
was  this  true,  but  that  the  fibres  passed  directly  all  the  way 
from  the  medulla,  through  the  pons,  midbrain,  and  tegmen- 
tum, to  enter  the  internal  capsule  and  to  pass  through  it 
and  the  corona  radiata  without  interruption  anywhere  to  the 
cortex  of  the  posterior  central  gyrus.  If  this  view  were  correct, 
two  neurones  would  suffice  for  the  conduction  of  sensory  im- 
pulses from  the  surface  of  the  body  to  the  cerebral  cortex,  one 
corresponding  to  the  spinal  ganglion  cell,  the  other  bulbo- 
cortical  (that  is,  myelencephalo-pallial). 

Forcible  objections  to  the  doctrine  of  Flechsig  and  Hoesel 
was  offered  in  1895  by  Mahaim.^    This  investigator,  working  in 


♦  Cf.  Spitzka,  E.  C.  A  Contribution  to  the  Morbid  Anatomy  and  Symp- 
tomatology of  Pons  Lesions.  Am.  J.  Neurol,  and  Psychiat.,  N.  Y.,  vol.  ii 
(1883),  pp.  617-661. 

t  Flechsig,  P.  Zur  Anatomie  und  Entwickelungsgeschichte  der  Lei- 
tungsbahnen  im  Grosshim  des  Menschen.  Arch.  f.  Anat.  u.  Physiol.,  Anat. 
Abth.,  Leipz.  (1881),  S.  12-76. 

X  FlecluBig,  P.,  und  O.  Hoesel.  Die  Centralwindungen,  ein  Centralorgan 
der  Hinterstrftnge.  Neurol.  Centralbl.,  Leipz.,  Bd.  ix  (1890),  S.  417-419.— 
Hoesel,  O.  Die  Centralwindungen  ein  Centralorgan  der  Hinterstrange  und 
des  Trigeminus.  Arch.  f.  Psychiat.,  Bed.,  Bd.  xxiv  (1892),  S.  452-490.— 
Ein  weiterer  Beitrag  zur  Lehre  vom  Verlauf  der  Rindenschleife  und  cen- 
traler  IVigeminusfasem  beim  Menschen.  Arch.  f.  Psychiat.,  BerL,  Bd.  xxv 
(1898),  S.  1-17. 

*  Mahaim,  A.  Ein  Fall  yon  secundSrer  Erkrankung  des  Thalamus  opti- 
cus und  der  Regio  subthalamica.  Arch.  f.  Psychiat.  u.  Nervenkr..  Berl., 
Bd.  xxv  (1893),  S.  843. 
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von  Monakow's  laboratory,  studied  most  carefully  a  case  of  pri- 
mary defect  of  the  cerebral  hemisphere  which  involved  the 
white  matter  of  both  central  gyri.  The  lemniscus  was  second- 
arily diseased.  The  change  in  the  lemniscus,  however,  was  not 
that  of  typical  secondary  degeneration,  but  rather  of  simple 
atrophy  (diminution  of  the  calibre  of  the  individual  fibres). 
The  whole  internal  capsule  was,  however,  transformed  into  com- 
pletely degenerated  tissue.  Mahaim,  then,  having  found  that 
the  fibres  of  the  lemniscus  ended  free  in  the  degenerated  tissue, 
argued  that  it  was  improbable  that  the  same  set  of  medullated 
fibres  should  in  one  part  of  their  course  (in  the  lemniscus)  show 
simple  atrophy  and  in  another  part  (internal  capsule)  typical 
secondary  degeneration.  He  came,  therefore,  to  the  conclusion 
that  the  fibres  of  the  lemniscus  do  not  pass  directly  out  to  the 
cortex,  but  that  they  are  interrupted  in  the  region  of  the  thala- 
mus, thus  confirming  a  view  previously  arrived  at  by  von  Mona- 
kow.  Mahaim  does  not  deny  absolutely  the  existence  of  any 
direct  fibres  from  the  lemniscus  to  the  cerebral  cortex,  but  as- 
serts that  if  such  fibres  exist  they  can  be  but  few  in  number.* 

A  very  important  contribution  to  our  knowledge  of  this 
whole  subject  has  been  made  by  von  Monakow  f  in  an  article  in 
which  he  sums  up  all  of  his  wide  experience  with  secondary  de- 
generations in  human  beings,  and  compares  the  results  of  these 
with  those  of  the  experiments  which  he  has  made  upon  ani- 
mals. These  are  so  important  that  they  must  be  briefly  re- 
viewed here.  Von  Monakow  finds  that  when  the  whole  cere- 
bral hemisphere  of  the  eat  or  dog  is  extirpated  without  injury 
to  the  thalamus,  the  lemniscus  undergoes  a  reduction  in  volume 
of  as  much  as  one  third,  a  reduction  which  is  due  not  to  actual 
degeneration  of  its  constituent  fibres,  but  to  simple  atrophy.J 


♦  The  <loc*trine  advanced  by  Flechsig  and  von  Bechtercw,  of  a  participa- 
tion of  fibres  of  the  lemniscus  in  the  formation  of  the  ansa  lenticularis,  thus 
connecting  with  L\iys'  body  and  the  lenticular  nucleus  of  the  same  side,  is 
strongly  opposed  by  von  Monakow  and  Mahaim  on  the  ground  that  the  evi- 
dence from  the  study  of  st»condary  degenerations  negatives  it. 

t  von  Monakow,  C.  Experimentelle  und  pathologisch-anatomische  Un- 
torsuchungen  ueber  die  Ilaiibenregion  den  SehhUgel  und  die  Regio  sub- 
thalaiiiica,  nebst  Beitrftgen  zur  Kenntniss  frfth  erworbener Gross- und  Klein- 
hinidefette.    Arch.  f.  Psychiat.  u.  Xervenkr.,  Berl.,  Bd.  xxvii  (18d5),  S.  1. 

X  von  Monakow  does  not  absolutely  exclude  the  total  absorption  of  single 
fibres,  but  maintains  that  if  actual  secondary  degeneration  occurs  at  all  it 
is  minimal  in  amount. 
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The  amount  of  change  in  the  lemniscus  after  removal  of  the 
hemisphere  decreases,  pari  passu^  as  one  examines  frontal  sec- 
tions successively  from  the  upper  to  the  lower  parts  of  the 
lemniscus.  Even  in  cases  in  which  after  cortical  disease  there 
is  complete  secondary  degeneration  of  the  internal  capsule,  the 
area  occupied  by  the  lemniscus  in  the  hypothalamic  region  just 
ventral  and  lateral  to  the  lateral  portion  of  the  white  matter 
forming  the  capsule  of  the  red  nucleus  shows  no  degeneration, 
but  simple  atrophy. 

If  the  lemniscus  be  cut  through  in  the  region  of  the  pons 
in  the  dog  or  in  the  cat  at  birth,  very  intense  secondary  degen- 
eration in  an  ascending  direction  results,  but  the  degenerated 
fibres  do  not  extend  as  far  upward  as  the  internal  capsule,  nor 
do  any  of  them  enter  the  white  matter  of  the  hemisphere  (von 
Monakow).  The  degenerated  fibres  can  be  followed,  however, 
to  the  thalamus,  and  a  distinct  loss  of  fine  fibres  in  the  ground 
substance  in  the  ventral  nuclei  of  the  thalamus  can  be  made 
out.  Von  Monakow  states  that  a  degeneration  of  the  lemniscus 
in  an  ascending  direction  has  thus  far  not  been  certainly  followed 
beyond  the  region  of  the  ventral  group  of  nuclei  in  the  thala- 
mus.* Mott's  experiments  in  this  connection  are  especially  con- 
vincing. In  five  cases  of  excision  of  the  nuclei  funiculi  gracilis 
et  cuneati  in  monkeys  he  could  follow  the  degeneration  as  far 
upward  as  the  hypothalamic  region,  but  no  farther. 

I  must  agree,  therefore,  with  Mahaim  and  von  Monakow, 
that,  in  the  main  path  at  any  rate^  between  the  nuclei  of  the 
dorsal  funiculi  of  the  medulla  oblongata  and  the  cerebral  cortex 
at  least  two  neurones  are  superimposed,  the  first  with  a  cell 
body  situated  in  the  nucleus  funiculi  gracilis  or  in  the  nucleus 
funiculi  cuneati,  its  axone  extending  cerebralward  as  far  as 
the  ventral  portion  of  the  thalamus  {Sy sterna  hmniscale  mye- 
le7icephalo-diencephalicum  )^Q.nd  the  second  with  a  cell  body  situ- 
ated in  the  ventral  region  of  the  thalamus,  its  axone  passing 
through  the  internal  capsule  and  corona  radiata  to  the  cortex 
{Systemu  neuronicum  diencephalo-paUialum),  The  meduUated 
axones  from  the  cell  bodies  in  the  thalamus  in  the  region  in 
which  the  lemniscus  terminates,  at  least  those  which  run  out  to 
the  region  of  the  central  gyri,  occupy  that  portion  of  the  in- 


*  Since  this  statement  was  made  the  research  of  Tschermak  has  been 
published,  vide  infra. 
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ternal  capsule  which  corresponds  in  frontal   sections  to   the 
first  caudal  planes  of  Luys'  body  (von  Monakow). 

Tschermak*  has  recently  restudied  the  original  brain  de- 
scribed by  Flechsig  and  Hoesel.  The  defect,  which  had  lasted 
for  fifty  years,  involved  the  gyrus  centralis  posterior  down  as 
far  as  the  island  and  that  part  of  the  lobulus  paracentralis 
which  lies  between  the  paracentral  sulcus  and  the  fissura  col- 
lateralis.  It  extended  also  into  the  gyrus  centralis  anterior 
and  the  lobulus  parietalis  superior,  but  involved  the  white 
matter  of  these  gyri  only  slightly  in  their  upper  portions. f 
Following  upon  the  destruction  of  the  cortex  there  was  disap- 
pearance of  the  corresponding  portions  of  the  corona  radiata, 
and  farther  down  disappearance  also  of  some  of  the  fibre 
bundles  which  partly  run  over  the  dorsal  comer  of  the  puta- 
men,  partly  cut  through  the  ''  ridge  region  "  of  this  mass  of 
gray  matter,  dividing  it  up  into  wedge-shaped  areas.  No  altera- 
tion could  be  found  in  the  substantia  grisea  of  the  nucleus 
lentiformis,  or  of  the  nucleus  caudatus.  At  the  level  of  the 
ridge  of  the  putamen  (in  its  caudal  part)  the  degenerated  area 
divides  into  two  portions,  which  assume  the  form  of  bands. 
One  of  these  passes  through  the  capsula  interna  in  a  transverse 
direction,  breaks  through  the  zona  reticularis  ( Thalamusschale 
or  Gifferschicht),  and  extends  into  the  ventral  half  of  the  nu- 
cleus lateralis  thalami.  The  other  band  of  degeneration  sinks 
ventral  from  the  former  to  pass  along  the  dorsal  surface  of  the 
nucleus  lentiformis ;  by  way  of  the  capsula  interna  the  latter 
band  passes  into  the  basis  pedunculi  (Fig.  455).  While  in  the 
upper  part  these  diverging  bands  of  the  degenerated  area  both 
pass  through  the  pars  occipitalis  capsulae  internae,  they  do  not, 
however,  extend  between  the  same  frontal  planes,  but  the  band 
descending  into  the  basis  pedunculi  comes  to  lie  frontalward 
from  that  passing  transversely  into  the  thalamus.  In  the  basis 
pedunculi  the  former  band  is  no  longer  recognizable  as  a  dis- 
tinctly separate  area,  but  the  loss  of  fibres  is  manifest  in  a  dif- 
fuse reduction  of  the  total  mass  of  the  basis  pedunculi.  In 
connection  with  this  the  fasciculi  longitudinales  [pyramidal es] 

*  Tschermak,  A.  Teber  den  centralen  Verlauf  der  aufsteigenden  Hin- 
terstrangbfthnen  und  deren  Beziehnngen  zu  den  Bahnen  im  Vorderaeiton- 
strang.     Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (18D8),  S,  291-40a 

t  von  Monakow,  in  his  criticism,  had  assumed  that  a  much  larger  amount 
of  the  white  matter  of  the  lobus  parietalis  had  been  invoWed. 
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of  the  same  side  are  reduced  in  size  as  far  down  as  tlie  decus- 
aatio  pynunidum.  Tsclierniak  states  that  from  the  level  of  the 
decusBatioQ  downward  into  the  spinal  cord  the  fasciculus  cere- 
bro-spinalis  ventralis  is  absent  on  the  side  of  the  lesion,  while 
the  contra-lateral  fascicalue  cerebro-spinalis  lateralis  la  only  one 
fourth  its  normal  size 

The  atrophic  process  in  the  thalamus,  as  studied  by  Tscher- 
mak,  is  of  especial  interest  in  connection  with  the  discussion 
abore  referred  to     Koesel  in  his  first  communication  had  ex- 


Fio.  46B.— Scheme  of  tbe  bands  nf  degeneration  in  (lie  uwe  nf  Hoeeel  and  Flech- 
ag.  coDHtrueted  on  tho  baain  ot  a  wctitm  inrlini-d  fmni  aliove  and  rornard  in 
a  direction  downward  and  baekward  through  a  imrDuil  human  brain.  (After 
A.  Tsehemiak.  Arcli.  f.  Anat.  u,  Phyaiol.,  Anat.  Ahth.,  Leipz..  1808,  8.  312, 
Fig.  1.) 

pressed  the  opinion  that  the  atrophied  fibres  simply  passed 
through  the  thalamus  into  the  region  of  the  tegmental  radia- 
tions of  the  red  nucleus,  and  farther  on  into  the  curved  area  of 
the  lemniscus  medialis  as  well  as  into  the  contra-lateral  bracliium 
conjnnctivum.  He  noticed  that  the  nuclei  in  the  thalamus 
were  diminished  in  size,  but  believed  that  this  was  due  essen- 
tially to  loss  of  medullated  fibres,  the  cells  remaining  unaltered. 
In  a  later  report  (1893)  he  admitted  a  moderate  loss  of  nerve 
cells  in  the  thalamus.     Still  later,  Flechsig  *  described  total  loss 


*  Ftecfasig,  P.     Die  Eiocalization  dcr  geistigen  Vorfcfingc 
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of  the  nerve  cells  in  the  nucleus  arcuatus  thalami  (schalen- 
fdrmiger  Kdrper)  and  in  the  ventral  part  of  the  nucleus  later- 
alis thalami,  that  region  of  the  thalamus  whence  are  derived 
the  medullated  axones  of  Flechsig's  foetal  sensory  system  No.  1 
{vide  Chapter  LI)  which  pass  to  the  central  gyri.  Tschermak 
confirms  Flechsig's  findings,  and  states,  in  opposition  to 
Hoesel's  reports,  that  along  with  loss  of  the  fibres  between 
the  centre  inidian  and  the  schalenfdryniger  Kdrper^  as  well 
as  the  fibres  between  the  schalenfOryniger  Korper  and  the 
"ventral  nucleus  in  the  narrower  sense,"  there  has  actually 
been  a  great  loss  of  ganglion  cells  in  the  schalenf^rmiger 
Kdrper  on  the  side  of  the  lesion.  Further,  the  ventral  part 
of  the  nucleus  lateralis  thalami  is  markedly  atrophic,  and 
great  numbers  of  nerve  cells  have  been  destroyed  in  thia 
region,  especially  in  the  ventral  half  of  the  occipital  third 
of  the  nucleus  lateralis  thalami.  In  addition  there  was  loss 
of  cells  in  the  lateral  part  of  the  centre  tnedian,  Xo  altera- 
tion could  be  found,  however,  in  the  dorsal  part  of  the  ansa 
lenticularis  {Feld  H.^  of  Forel,  which  Flechsig  thinks  repre- 
sents a  connection  of  the  cerebellum,  especially  of  the  nucleus 
dentatus  with  the  nucleus  lentiformis)  nor  in  the  nucleus 
hypothalamicus. 

As  Tschermak  emphasizes,  the  demonstration  of  the  disap- 
pearance of  such  a  large  number  of  cells  in  the  ventro-lateral 
group  of  nuclei  of  the  thalamus  lends  to  Hoesel's  case  a  new 
significance  and  a  new  interest. 

Hoesel's  case  proved  the  existence  of  a  connection  between 
the  nucleus  funiculi  gracilis  and  the  pars  medialis  of  the  nu- 
cleus funiculi  cuneati  of  one  side  with  the  ventro-lateral  group 
of  nuclei  of  the  thalamus  and  the  central  gyri  (especially  the 
posterior  central  gyrus)  of  the  opposite  side.  Though  Hoesel 
did  not  recognize  the  interruption  of  this  connection  in  the 
thalamus,  the  bringing  of  the  proof  of  the  termination  of  thig 
sensory  conduction  path  in  the  central  gyri — that  is,  more  or  less 
in  the  region  which  corresponds  to  the  place  of  origin  of 
the  medullated  axones  of  the  centrifugal  fasciculi  cerebro- 
spinales — was  an  advance,  the  importance  of  which  it  is  diffi- 
cult to  overestimate.  That  the  conduction  path  between  the 
medulla  and  the  cortex  consists  in  the  main  of  at  least  two 
sets  of  superimposed  neurone  systems  is  clear  from  the  later 
investigations. 
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Bielschowsky  *  has  studied  the  brains  of  two  of  Goltz's 
dogs,  one  almost  two  and  a  half  years  after  removal  of  one 
cerebral  hemisphere  the  other  about  nine  months  after  removal 
of  one  hemisphere  and  two  months  after  removal  of  the  oppo- 
site hemisphere.  In  the  first  dog  the  corpus  striatum  on  one 
side  was  also  removed ;  in  the  second  dog  both  corpora  striata 
were  extirpated,  while  the  optic  thalamus  remained  uninjured 
in  both  animals.  Bielschowsky  found  secondary  atrophy  in  the 
optic  thalamus  but  no  degeneration  in  the  lemniscus,  and  there- 
fore concludes  that  the  fibres  of  the  lemniscus  do  not  extend 
beyond  the  thalamus,  and  that  they  can  influence  the  cortex 
only  through  the  intervention  of  neurones  of  a  higher  order. 

Very  important  confirmatory  work  in  this  connection  has 
been  done  by  Jakob  f  and  by  the  Dejerines.  J  The  latter  inves- 
tigators have  made  sections  of  nineteen  hemispheres,  in  which 
there  were  cortical  lesions  without  involvement  of  the  basal 
ganglia.  The  cortical  lesion  was  more  or  less  extensive,  but  in 
all  these  nineteen  instances  it  involved  the  Eolandic  region 
and  the  parietal  lobe.  In  no  one  of  the  cases  was  the  medial 
lemniscus  degenerated.  In  three  very  old  cases  there  was  a 
slight  diminution  in  the  volume  of  the  lemniscus,  but  this  was 
due  to  simple  atrophy  and  a  diminution  in  calibre  of  the  indi- 
vidual fibres,  not  to  a  decrease  in  the  number  of  the  fibres.  In 
all  nineteen  cases  there  was  intense  secondary  atrophy  of  the 
optic  thalamus.  They  insist,  therefore,  that  the  path  from 
the  nuclei  of  GoU  and  Burdach  in  the  medulla  to  the  cerebral 
cortex  consists  of  at  least  two  neurones — (1)  an  inferior  or 
bulbo-thalamic  neurone  corresponding  to  the  medial  lemniscus, 
and  (2)  a  superior  or  cerebral  neurone  connecting  the  thala- 
mus with  the  cerebral  cortex.  Von  Bechterew's  elaborate  scheme 
of  the  central  paths  is  reproduced  in  Fig.  456. 

The  view  advanced  by  Flechsig  and  Bechterew,  according 
to  which  the  lemniscus  forms  connections  with  the  nucleus 
hypothalamicus  of  Luys  and  the  globus  pallidus  by  means  of 

♦  Bielschowsky,  M.  Obere  Schleife  und  Ilirnrinde.  Neurol.  Centralbl., 
Leipz.,  vol.  xiv  (1895),  S.  205-207. 

f  Jakob,  C.  Ein  Beitrag  zur  Lehre  von  Sohleifenvorlauf  (obere,  Rinden- 
Thalamusschleife).    Neurol.  Centralbl,  Leipz.,  vol.  xiv  (1895),  S.  308-310. 

X  Dejerine,  J.,  et  Mme.  J.  Dejerine.  Sur  les  connexions  du  ruban  do 
Reil  avec  la  corticalit6  c^r^brale.  Compt.  rend.  Soc.  de  Hiul.,  Pnr.,  10.  s.,  t. 
ii  (1895),  pp.  285-291. 
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Fig.  456. — Central  paths  as  at  present  understood  with  reference  to  the  five  em- 
bryonic subdi^'isions  of  the  brain.  (Scheme  constructed  by  R.  von  Weinberg ; 
taken  from  the  chapter  written  by  W.  von  Bechterew,  in  A.  Rauber's  text- 
book. )  FibrM — If  fasciculus  gracilis  GoUi ;  2,  fasciculus  cuneatus  Burdachi ; 
f"',  fibres  from  the  nucleus  funiculi  cuneati  to  the  cerebellum;  5,  fasciculus  cere- 
bello-spinalis  or  direct  cerebellar  tract  of  Flechsig ;  4>  fasciculi  cerebrospinales 
(P3n:amidale8) ;  4\  fasciculus  corebro-spinalis  ventralis ;  5,  fJEiscdculus  lateralis 
medialis ;  6,  fasciculus  ventro-lateralis  Gtowersi ;  7,  fibres  from  fasciculus 
lateralis  which  ascend  on  the  lateral  surface  of  the  medulla  oblongata ;  8, 
fasciculus  lateralis  et  ventralis  proprius  passing  into  the  formatio  reticularis ; 
^,  tract  from  the  nucleus  N.  vestibuli  latiiralis  (Deiters)  to  the  &sciculu8 
lateralis  proprius;  9,  fasciculus  ventralis  proprius:  P',  9",  fibres  from  the 
fasciculus  ventralis  proprius  to  the  nucleus  reticularis  tegmenti  and  the 
nucleus  centralis  superior ;  9"',  fibres  of  the  fasciculus  longitudinalis  medialis 
continuous  with  the  fasciculus  ventralis  proprius ;  10,  fibres  of  the  lemniscus 
medialis  arising  from  the  nucleus  funiculi  gracilis;  !(/,  scattered  bundles 
of  the  main  portion  of  the  lemniscus  (from  the  nuclei  termiuales  of  the 
cerebral  sensory  nerves?) ;  l(/\  fibres  from  the  lemniscus  medialis  to  the 
nucleus  reticularis  tegmenti ;  11,  fibres  from  the  nucleus  funiculi  gracilis  to 
the  cerebellum;  13,  fibres  of  the  main  portion  of  the  medial  lemniscus 
arising  from  the  nucleus  fuuiculi  cuneati ;  IS',  IS",  fibres  of  the  lemniscus 
medialis  to  the  coUiculus  superior  and  to  the  nucleus  hypothalamicus  (corpus 
Luysi ) ;  IJ^  fibres  from  the  nucleus  funiculi  cuneati  to  the  nucleus  centralis 
inferior  (through  the  posterior  decussation);  15,  fibres  connecting  the 
nucleus  hypothalamicus  with  the  globus  pallidus ;  16,  fibres  from  the  globus 
pallidus  to  the  cerebral  cortex ;  18,  fibres  of  the  corpus  trapezoideum  which 
go  from  the  nucleus  N.  cochlesB  ventralis  to  the  nucleus  olivaris  superior  and 
to  the  lemniscus  lateralis ;  19,  fibres  of  the  lemniscus  lateralis ;  20,  fibres 
from  the  nucleus  olivaris  superior  to  the  nucleus  N.  abducentis ;  £1,  fibres 
connecting  the  nucleus  fastigii  with  the  nucleus  olivaris  superior ;  55?,  fibres 
connecting  the  colliculus  inferior  with  the  nucleus  reticularis  tegmenti ;  £S, 
fibres  from  the  region  of  the  thalamus  to  the  formatio  reticularis ;  S4,  fibres 
from  the  pons  through  the  raphe  to  the  formatio  reticularis  and  to  the 
nucleus  reticularis  tegmenti ;  S5,  fasciculus  i)edunculo-mammillaris  para 
te^entalis  {ffaubenbundel,  von  Gudden) ;  &5\  fasciculus  pedunculo-mam- 
millaris  pars  basilaris  (pedunculus  corporis  mammillaris) ;  g6,  accessory 
bundles  of  the  lemniscus;  26',  fibres  connecting  the  substantia  nigrra  with 
the  cerebral  cortex;  27,  fasciculus  retroflexus  (Meynerti) ;  28,  fibres  from 
the  nucleus  colliculi  inferioris  to  the  thalamus  (so-called  Ofteresehleiff, 
according  to  von  Bechti'rew) ;  29,  brachium  quadrigeminum  inferius ;  29^, 
fibres  from  the  corpus  geuiculatum  mediate  to  the  cortex  of  the  temporal 
lobe ;  SO,  fibres  connecting  the  colliculus  superior  with  the  corpus  geuic- 
ulatum laterale  ;  SI',  fibres  of  the  commissura  posterior  cerebri  (dorsal  and 
ventral  portion) ;  Sl'\  fibres  from  the  corpus  pineale  to  the  nucleus  habenulie  ; 
S2,  fasciculus  thalamo-mammillaris  ( Vicq  d'Azyri) ;  SS,  fibres  connecting  the 
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thalamus  with  the  nucleus  lontiformis ;  54,  fihres  from  the  nuclei  lateralesto 
the  cerebellum  ;  S5,  fasciculus  centralis  tegmenti  {cmtrale  Hanbenbahn) ;  S6^ 
fibres  connecting  the  nucleus  olivaris  inferior  with  the  cerebellum  ;  57,  fibres 
connecting  the  nucleus  dentatus  with  the  cortex  of  the  cerebellum ;  S8^ 
spinal  bundle  of  the  braehium  pontis ;  S9,  part  of  brachium  conjunctivum  ; 
40.  c<»rebral  bundle  of  brachium  pontis ;  J^l,  fibres  from  the  nucleus  N.  vestib- 
uli  superior  (von  BechUTew)  and  from  the  nucleus  N.  vestibuli  lateralis 
(Deitere)  to  the  cerebellum  ;  J^,  jMirt  of  the  brachium  eoiyunctivum  ;  J^i,  44t 
fihres  connecting  the  central  nuclei  of  the  cerebellum  with  the  cen'bellar 
cortex  :  4*^,  part  of  the  brachium  coiyunctivum  ;  4^',  bundle  forming  a  com- 
missure bi'tween  Bechterew's  nuclei  of  the  two  sides  and  lying  just  ventral 
to  the  brachium  conjunctivum  ;  4^,  j^H,  fibres  from  the  nucleus  ruber  to  the 
nucleus  lentiformis,  the  thalamus,  and  the  cen^bral  cortex  ;  49,  fibres  con- 
necting the  corpus  striatum  with  the  globus  pallidus ;  50,  50',  fibres  of  the 
medial  portion  of  the  basis  pedunculi  connecting  the  lobus  fnmtalis  and  the 
corpus  striatum  with  the  nuclei  pontis ;  52,  fibn's  from  the  thalamus  to  the 
cerebral  cortex  ;  50,  fibres  from  the  cx>lliculu8  superior  and  the  corpus  genic- 
ulatum  lati'rale  to  the  lobus  occipitiilis ;  57,  fibres  of  the  fornix  ;  .5^?,  radix 
lateralis  tractus  optici ;  59,  radix  medialis  tractus  optici ;  60,  fibres  from  radix 
lateralis  tractus  optici  to  the  thalamus ;  61,  fibn»8  from  same  root  to  colliculus 
superior ;  62,  fibres  from  same  root  to  the  corpus  geniculatum  ;  6S,  fibres 
from  the  tractus  opticus  to  the  gray  matter  about  the  ventriculus  tertius ; 
64,  direct  hemispheric  bundle  of  the  optic  tract  (von  Gudden);  65,  fibres 
from  the  medial  root  of  the  optic  tract  to  the  nucleus  lentif(»rmis ;  66,  fibres 
from  the  medial  root  of  the  optic  tract  to  the  colliculus  inferior ;  67,  fibres 
connecting  the  corpus  striatum  with  the  cerebral  cortex.  Gray  Massfg — J, 
nucleus  funiculi  gracilis ;  2,  nucleus  funiculi  cuneati ;  .t,  nucleus  lateralis 
ventralis ;  ///,  nucleus  X.  ocuhmiotorii ;  4,  nucleus  lateralis  dorsalis ;  IV, 
nucleus  N.  tR>chlearis;  5,  nucleus  funiculi  ventralis;  6,  nucleus  olivaris 
inferior ;  VI,  nucleus  X.  abducentis  ;  7,  nucleus  centralis  inferior ;  7,  nucleus 
N.  facialis ;  8,  nucleus  olivaris  superior ;  8',  nucleus  N.  vestibuli  lateralis 
iDeiters);  S",  nucleus  X.  cm-hleflD  ventralis;  8"',  other  acoustic  nuclei;  IX, 
nucleus  t^'rminal is  X.  glossopharyngei ;  .9,  nuclei  pontis;  10,  nucleus  reticu- 
laris t<'gm<'nti ;  11,  nucleus  lemnisci  lateralis;  IS,  nucleus  colliculi  inferioris; 
12',  colliculus  superior  ;  IS,  ganglitm  interpedunculare  ;  14,  nucleus  centralis 
superior ;  15,  Bechterew's  corpus  parabigeminum  ;  16,  substantia  nigra ;  17, 
nucleus  rul)er;  18,  nucleus  lateralis  superior  (Flechsig)  or  nucleus  innom- 
inatus  '  von  Bechterew) ;  10,  corpus  pineale ;  gO,  nuclei  corporis  mammillaris ; 
£1,  nucleus  hyiH)thalamicus  (corpus  Luysi);  22,  nucleus  corporis  geniculati 
medialis;  22',  nucleus  corporis  geniculati  lateralis;  2S,  nucleus  lentiformis; 
£4,  gray  mutter  about  the  ventriculus  tertius ;  25,  nucleus  habenulfp ;  tS, 
thalannis ;  2it,  corpus  striatum  ;  30,  nucleus  fastigii ;  57,  nucleus  globosus ; 
S2,  nucleus  emboli formis ;  5.:^,  nucleus  deutatus. 
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the  ansa  lenticularis,  is  opposed  by  von  Monakow  and  by  the 
Dejerines.  Von  Monakow,  from  studying  degenerations,  thinks 
that  the  lenticular  nucleus  and  the  ansa  lenticularis  take  no 
part  in  the  formation  of  the  lemniscus,  or  at  the  most  an  en- 
tirely minimal  part.  The  Dejerines  have  examined  three  cases 
of  very  old  lesions  involving  the  island,  the  operculum,  the  pu- 
tamen,  the  caudate  nucleus,  and  the  globus  pallidus  without  in- 
jury of  the  internal  capsule  or  the  optic  thalamus.  In  these  cases 
there  was  a  more  or  less  pronounced  degeneration  of  the  ansa 
lenticularis  and  of  the  lenticulo-caudate  fibres  going  to  Luys' 
body.  These  degenerated  fibres  passed  through  the  internal 
capsule  and  could  be  followed  into  Luys'  body  and  into  the 
thalamus,  but  there  was  absolutely  no  change  in  the  medial 
lemniscus. 

Flechsig,  in  his  latest  publications,  does  not  distinguish 
sharply  in  the  hypothalamic  region  the  fibres  which  represent 
the  upward  continuation  of  the  lemniscus  from  the  other  cen- 
tripetal fibres  of  this  area  (fibres  of  the  capsule  of  the  red 
nucleus,  fasciculus  longitudinalis  medialis,  and  longitudinal 
fibres  of  the  formatio  reticularis).  He  grants,  however,  that  in 
all  probability  a  large  proportion  of  the  fibres  of  the  lemniscus 
are  interrupted  in  the  thalamus.  Hoesel,  again,  in  one  of  his 
later  articles,*  has  modified  his  earlier  views  so  as  to  bring  them 
more  into  accord  with  the  doctrine  of  Mahaim  and  von  Mona- 
kow. There  is  some  danger  in  reading  the  articles  of  these 
various  writers  of  misunderstanding  just  what  each  means  by 
the  term  "cortical  lemniscus"  {RindenscJileife).  The  term  in- 
dicates the  portion  of  the  lemniscus  which  is  connected  either 
directly  or  indirectly  with  the  cortex.  According  to  von  Mona- 
kow, Mahaim,  and  others,  all,  or  nearly  all,  of  the  "  cortical 
lemniscus  "  is  indirect — ^i.  e.,  it  is  interrupted  in  the  thalamus 
— ^while  according  to  the  view  advanced  by  Hoesel  in  his  first 
article  the  most  of  the  "  cortical  lemniscus  "  is  direct. 

The  utmost  that  can  be  said  at  present  is  that  the  weight  of 
evidence  is  in  favor  of  the  view  that  the  majority  of  the  fibres 
of  the  medial  lemniscus  are  interrupted  in  the  thalamus,  though 
some  axones,  helping  to  form  the  lemniscus,  doubtless  extend 
all  the  way  from  the  nuclei  of  the  medulla  to  the  opposite  cere- 

♦  Hoesel.  BeitrSge  zur  Anatomic  der  Schleifen.  Neurol.  Centralbl., 
Leipz.,  Bd.  xiii  (1894),  S.  546-559. 
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bral  cortex,  since  Tschermak  *  has  been  able,  after  destruction 
of  these  nuclei  in  the  cat,  to  follow  degenerated  fibres  through 
the  thalamus  directly  out  to  the  cortex. 

A  full  report  of  Tschermak's  investigations  in  this  connec- 
tion has  been  subsequently  published,  f  In  his  experiments  he 
destroyed  the  nuclei  of  the  funiculi  in  three  cats.  The  symp- 
toms which  resulted  corresponded  to  those  previously  found 
by  von  Bechterew  J  in  dogs,  and  by  Ferrier  and  Turner  *  in 
monkeys. 

Von  Bechterew  in  dogs  injured  the  nucleus  funiculi  gracilis. 
The  animals  tumbled  about  when  they  attempted  to  walk,  and 
swayed  on  standing.  There  was  no  disturbance  of  cutaneous 
sensibility  to  be  made  out.  Similar  symptoms  could  be  pro- 
duced by  cutting  tlie  funiculus  gracilis  in  the  upper  part  of 
the  pars  cervicalis  of  the  spinal  cord. 

In  monkeys,  Ferrier  and  Turner  found  as  symptoms  result- 
ing from  injury  to  the  dorsal  funiculi  restlessness  on  the  part 
of  the  animals  and  a  sprawling  character  to  the  body  on  exer- 
tion, and  the  animals  exhibited  a  tendency  to  fall  backward. 
As  far  as  they  could  make  out,  the  sensations  of  touch  and  pain 
were  unimpaired,  and  the  capacity  for  localization  did  not  ap- 
pear to  be  disturbed.  The  interference  with  the  equilibrium  of 
the  animals  vanished  in  a  few  days. 

Tschermak 's  cats  showed  marked  symptoms  at  first  of  dis- 
turbance of  equilibrium,  but  these  soon  disappeared.  On  the 
first  or  second  day  after  the  lesion  the  cats,  on  attempting  to 
walk,  deviated  constantly  toward  the  side  of  the  lesion,  and  often 
fell  when  they  attempted  to  use  the  paw  of  the  injured  side. 
While  the  contra-lateral  fore  paw  could  be  used  almost  normally, 
the  homo-lateral  leg  sprawled  about  on  attempts  to  move  it. 
One  animal  kept  the  hind  leg  on  the  affected  side  lifted  when 
it  walked.     Even  on  sitting,  all  three  animals  showed  lateral 

♦  Tschermak,  A.  Notiz  betreffs  des  Rindenfcldes  der  Hinterstrang- 
bahnen.     Neurol.  Centralbl.,  Leipz.,  Bd.  xvii  (1898),  S.  159-162. 

f  Op,  cif..  Arch,  f,  Aiiat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1898),  S.  291- 
400. 

X  von  Bechterew,  W.  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz. 
(1890),  S.  489. 

•  Ferrier,  D.,  and  Turner,  W.  A.  A  Record  of  Experiments  illustrative 
of  the  Symptomatology  and  Degenerations  following  Lesions  of  the  Cere- 
bellum, etc.     Phil.  Tr.,  L<jnd.,  vol.  clxxxv,  B,  pt.  2,  p.  755. 
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swaying  to  the  side  of  lesion.  Cutaneous  sensibility  appeared 
to  be  normal.  After  from  two  to  five  days  the  disturbances  of 
equilibrium  had  practically  disappeared,  though  in  one  case 
marked  symptoms  continued  until  the  death  of  the  animal  at 
the  end  of  sixteen  days. 

The  consensus  of  opinion  at  present  is,  therefore,  that  de- 
struction of  the  nuclei  of  the  dorsal  funiculi  does  not  interfere 
with  the  sense  of  touch,  the  sense  of  pain,  or  the  capacity  for 
localization,  as  far  as  the  skin  is  concerned.  The  long  fibres  of 
the  dorsal  funiculi,  accordingly,  can  scarcely  be  concerned  in 
the  mediation  of  the  centripetal  impulses  concerned  in  these 
sensations.  Their  function  appears  to  be  rather  that  of  con- 
duction of  the  impressions  of  muscular  sense,  a  view  which  is 
supported  by  observations  in  tabes  and  other  pathological  con- 
ditions in  human  beings. 

In  Fig.  457  I  have  reproduced  some  of  the  illustrations  ac- 
companying Tschermak^s  article,  which  show  degenerations  as 
revealed  by  Marchi's  method  after  destruction  of  the  nuclei  of 
the  dorsal  funiculus,  and  some  of  the  parts  just  ventral  to  this. 
The  fibrae  arcuatae  intemae  are  seen  to  be  markedly  degenerated. 
The  finer  blackened  fibres  going  to  the  nucleus  N.  hypoglossus 
and  to  the  lateral  and  ventral  portions  of  the  formatio  reticu- 
laris grisea  probably  correspond  to  degenerated  collaterals. 
Large  numbers  of  degenerated  fibres  can  be  seen  passing  into 
the  nucleus  olivaris  inferior.  A  moderate  number  of  degener- 
ated fibres  extend  from  the  degenerated  contra-lateral  stratum 
interolivare  lemnisci  along  the  periphery  of  the  medulla  into 
the  ventral  part  of  the  corpus  restiforme.  On  their  way  to  the 
cerebellum  some  degenerated  fibres  go  into  the  vestibular  nu- 
clei. The  degeneration  in  the  formatio  reticularis  alba,  includ- 
ing the  fasciculus  longitudinalis  medialis,  is  well  shown,  but  is 
due  not  to  the  injury  of  the  nuclei  of  the  dorsal  funiculi,  but 
rather  to  the  destruction  of  the  parts  ventral  to  this  at  the  time 
of  operation. 

The  degenerated  interolivary  layer  can  be  followed  in  the 
pons  into  the  lemniscus  medialis.  Fine  degenerated  fibres  can 
be  seen  passing  from  the  lemniscus  dorsalward  into  the  formatio 
reticularis  grisea,  and  also  ventralward  into  the  nuclei  pontis. 
Higher  up  distinct  bundles  of  degenerated  fibres  can  be  followed 
into  the  nucleus  coUiculi  inferioris.  Higher  there  are  fine  de- 
generated fibres  passing  medialward  to  the  formatio  reticularis. 
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mid  ventralward  into  the  substantia  nigra.  In  the  liypothala- 
mie  region  the  degenerated  fibres  of  the  lemniscus  lie  scattered 
over  a  rather  large  area  situated  medial  to  the  corpus  genicu- 
latum  mediale.  Farther  frontalward  they  pass  into  the  hilus 
thalami.  The  area  of  degeneration  in  the  tegmentum  is  ap- 
proximately triangular  in  shape  in  cross  section.  From  the 
dorsal  apex  of  this  triangular  area  single  blackened  fibres  can 
be  followed  through  the  pars  dorsalis  of  the  commissura  pos- 
terior cerebri  to  the  nucleus  lateralis  superior  of  the  opposite 
side.  Of  the  fibres  which  pass  into  the  hilus  thalami  a  great 
number  seem  to  disappear  in  the  ventral  nuclei  of  the  thala- 
mus, but  many  run  into  the  lamina  medullaris  media,  and  into 
the  lamina  medullaris  lateralis  as  well  as  into  the  lateral  half 
of  the  zona  reticularis  ( Thalmnusschale), 

The  rest  of  Tschermak's  description  is  of  the  deepest  inter- 
est. He  follows  a  considerable  number  of  single  fine  collaterals 
{never  in  bundles)  radiating  out  to  the  ventral  and  ventro-lat- 
eral  parts  of  the  reticular  zone  to  pass  transversely  into  the 
basis  pedunculi  and  into  the  capsula  interna.  Of  the  fibres 
which  pass  farthest  ventralward,  some  go  medio-ventrally  into 
the  nucleus  hypothalamicus  (corpus  Luysi) ;  farther  on  single 
fibres  can  be  followed  into  the  commissura  superior  Meynerti 
(or  so-called  commissura  hypothalamica),  which  passes  down 
between  the  basis  pedunculi  and  the  tractus  opticus.  They  ex- 
tend to  the  nucleus  lentiformis  of  the  opposite  side. 

But  in  addition  to  these  Tschermak  is  able  to  follow  a  much 
greater  number  of  isolated  degenerated  fibres  through  the  cap- 
sula interna  into  the  nucleus  lentiformis ;  these  fibres  appear  as 
fine  blackened  droplets,  especially  in  the  globus  pallid  us.  A 
number  of  somewhat  coarser  fibres  pass  through  the  laminas 
medullares  (and  also  probably  through  the  capsula  interna)  to 
enter  the  corona  radiata.  Most  of  the  fibres,  however,  which 
enter  the  corona  radiata  arrive  there  directly  by  way  of  the 
capsula  interna.  These  degenerated  fibres  of  the  corona  radiata 
pass  out,  according  to  Tschermak,  chiefly  to  the  cortex  of  the 
gyrus  coronalis,  and  to  the  adjacent  marginal  parts  of  the  gyrus 
ectosylvius  (pars  anterior),  and  to  the  gyrus  suprasplenius  (pars 
anterior),  without,  however,  going  to  the  gyrus  fornicatus  sen 
cinguli.  The  cortical  distribution  of  these  fibres  is  well  illus- 
trated in  Fig.  458. 

As  a  result  of  his  studies,  Tschermak  concludes  that  four 
47 
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principal  central-axone  neurone  syBteraB  originate  in  the  nuulei 
of  the  dorsal  funiculi.  The  first  two  of  these  systemB  which 
paBB  to  the  cerebellum  have  already  been  described  in  Chapter 
XXXIX.  The  other  two  systems  which  pass  to  the  cerebrum 
demand  further  discussion  here.* 


Gyr.  supraspteniu. 


SL  maiynaUt 


Gyr.  xuprasi/lvau' 
.'  imaslorrutUscA^  Katjat- 
Meynert'a 


•  Cyr,  eldx>si)hjiua 

AiutatGuwaiM 

Fio.  456. — Cortical  arvn  of  termination  of  lemniin'iia  Hbnti  In  thp  cat.  <Afl«r  A. 
TVhprnuik,  Arch.  t.  Anat.  a.  Phyxiol.,  Anat.  Abth.,  Lei[>z.,  1988,  S.  853, 
Fig.  2.) 

The  meduUated  axonee  of  these  two  neurone  systems  are 
those  which  we  have  already  seen  passing  as  internal  arcuate 
fibres  through  the  decussatio  lemniscorum  into  the  stratum  in- 
terolivjire  lemnisci  and  into  the  lemniscus  medialis  (Figs.  308, 
309, 322,  and  323,  vide  supra).  While  the  majority  of  investi- 
gators wlio  have  worked  with  Marchi's  method  have  never  been 
able  to  follow  degenerated  fibres  of  the  lemniscus  above  the 
thalamus,  Tschermak  has  succeeded,  as  we  have  seen,  in  foU 
lowing  in  his  three  cats  a  certain  number  of  fibres  still  firther, 
even  to  the  cerebral  cortex.     He  concludes,  therefore,  that  a 

•  Dir  lieidm  kreiiztnden  llintemlntngkern'OroMhimtyttemt  (HitUrr- 
alrangkenfllauplfchhiftntyxltmt)  o(  T^hcnnak.     . 
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not  inconsiderable  number  of  fibres  from  the  nuclei  of  the  dor- 
sal funiculi  of  the  opposite  side,  instead  of  definitely  terminating 
in  the  thalamus,  pass  through  it  in  the  form  of  scattered  fibres. 

These  longer  fibres,  which  do  not  stop  in  the  thalamus,  follow 
different  paths.  All  those  most  ventrally  situated  in  the  radi- 
ating fan  of  the  lemniscus  medialis  {HauptscJdeife)  very  soon 
break  through  the  narrow  ventral  marginal  zone  of  the  zona 
reticularis  {Thalamusschale)  and  pass  in  a  curved  direction 
latero-ventralward  to  enter  the  basis  pedunculi.  Farther  on  a 
number  of  other  fibres  more  laterally  situated  follow  the  same 
course.  It  is  just  at  this  level  that  the  white  fibres  of  the  basis 
pedunculi  are  continuous  latero-dorsalward  with  the  capsula  in- 
terna which  lies  between  the  zona  reticularis  and  the  nucleus 
lentiformis.  The  most  ventro-medial  portion  of  the  fibre-mass 
surrounds  the  nucleus  hypothalamicus.*  The  degenerated  fibres 
referred  to  are  found  in  the  cat  to  give  off,  on  passing  through 
the  basis  pedunculi,  collaterals  to  the  nucleus  hypothalamicus 
which  lies  medially  from  them.  A  relatively  smaller  part  of 
the  degenerated  fibres  here  turn  medialward  and  run  along  the 
ventral  margin  of  the  basis  pedunculi ;  they  lie  immediately 
upon  the  tractus  opticus  and  run  toward  the  region  of  the  tuber 
cinereum.  These  fibres  form  one  constituent  of  the  commis- 
sura  superior  Meynerti  (commissura  hypothalamica  media  of 
Meynert),  and  after  crossing  the  middle  line  arrive,  by  a  similar 
path  between  the  peduncle  and  the  optic  tract,  in  the  globus 
pallidus  of  the  nucleus  lentiformis  of  the  other  side.  Accord- 
ing to  Tschermak,  therefore,  this  commissure  is  part  of  a  high 
decussation  of  axones  of  the  neurone  system  which  extends  from 
the  nuclei  of  the  dorsal  funiculi  to  the  cerebral  cortex. 

The  greater  part,  however,  of  those  fibres  which  go  ventrally 
and  ventrolaterally  out  of  the  thalamus  and  pass  through  the 
basis  pedunculi  arrive  in  the  nucleus  lentiformis  of  the  same 
side,  partly  by  running  lengthwise  (at  first  along  its  base  and 
then  bending  up  into  the  nucleus),  partly  by  crossing  over 
directly  into  the  globus  pallidus.  It  would  seem  likely,  at  first 
thought,  from  the  large  number  of  degenerated  fibres  met  with 
here,  that  the  globus  pallidus  receives  no  inconsiderable  number 
of  such  fibres,  but  Tschermak  states  that  in  reality  not  very 


*  In  the  cat  this  fttnicture  is  by  no  means  so  deftnite  and  compact  a  lens- 
shaped  mass  as  in  man. 
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many  stem  fibres  terminate  here,  the  majority  of  terminals  in 
this  region  being  collaterals.  On  the  other  hand,  he  is  of  the 
opinion  that  the  majority  of  the  fibres  (chiefly  by  way  of  the 
lamina  medullaris  medialis  and  the  lamina  medullaris  lateralis, 
but  in  part,  also,  by  way  of  the  layer  of  white  matter  between 
the  putamen  and  the  cortex  of  the  island  of  Reil)  leave  the 
nucleus  lentiformis  again  in  order  to  pass  through  the  corona 
radiata,  and  finally  arrive  in  the  cortex  of  the  pallium.  The 
axones  then  from  the  nuclei  of  the  dorsal  funiculi  which  go 
directly  to  the  pallium  make  a  curious  loop-shaped  excursion 
through  the  nucleus  lentiformis.  A  certain  number  of  the  so- 
called  direct  fibres  pass  straight  through  the  zona  reticularis 
on  their  way  from  the  thalamus  to  the  capsula  interna,  and 
ascend  into  the  corona  radiata,  especially  along  the  oblique 
dorsal  surface  of  the  nucleus  lentiformis. 

If  other  investigations  confirm  the  results  of  Tschermak,  I 
would  suggest  that  the  system  sending  axones  from  the  nuclei 
of  the  dorsal  funiculi,  without  interruption  to  the  cerebral  cor- 
tex be  called  the  ay  sterna  (neuronicum)  viyelencephalo-palliat^t,* 
On  the  other  hand,  the  system  sending  axones  from  the  nuclei 
of  the  dorsal  funiculi  to  terminate  in  the  ventral  region  of  the 
thalamus  of  the  opposite  side  could  be  designated  the  ayHtema 
{neuronicum)  myelencephalo-thalarnicum.  f  Whether  or  not  a 
sy sterna  (lemniscale)  myelencephalo'palliale  actually  exists  in  hu- 
man beings  remains  to  be  proved.  The  proof  of  the  existence 
of  such  a  system  in  the  cat,  liowever,  taken  together  with  the 
researches  of  Hoesel  and  of  Flechsig  on  human  beings,  make  it 
unsafe  to  deny  its  possibility. 

Tschermak  discusses  in  his  article  the  portion  of  the  cortex 
in  which  the  direct  cortical  lemniscus  terminates  in  the  cat 
and  attempts  to  arrive  at  certainty  with  regard  to  the  corre- 
sponding region  in  man.  ^VTiereas  many  observers  have  con- 
sidered the  crucial  sulcus  of  the  dog's  brain  as  the  equivalent 
of  the  sulcus  centralis  Rolandi  of  human  beings,  Meynert  J 
was  the  first  to  recognize  that  the  fissura  coronalis,  not  the  fis- 
sura  cruciata,  of  the  cat  is  the  homologue  of  the  sulcus  centralis 


*  Dan  kreuzefide  Ifititer.sfrangkern-Gro»8hinirmdensystefn  of  Tschermak. 

f  Dfi^  kreuzende  Ui ti  f e rMfrarir/ kern- Tit alamuftsy stem  of  Tschermak. 

X  Meynert,  Th.  Die  Windunfjen  der  convexen  OlH»rflache  des  Vorderhims 
boi  Monschen,  Aflfen  und  Raubthicren.  Arch,  f,  Psychiat.,  BerL  (1876), Bd. 
vii,  S.  257. 
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of  man.  All  the  evidence  goes  to  prove  that  this  view  is  cor- 
rect, and  Tschermak  agrees  with  Meynert.  He  assumes,  there- 
fore, that  his  direct  cortical  system  of  tlie  lemniscus  in  the  cat 
ends  in  the  region  of  the  cortex  homologous  with  the  gyrus 
centralis  posterior  of  man. 

The  best  review  of  the  history  of  the  development  of  our 
knowledge  concerning  the  lemniscus  I  know  of  is  that  given  by 
Tschermak.*  Since  this  has  appeared  so  recently  (1898),  and, 
moreover,  has  been  published  in  a  journal  generally  accessible, 
it  has  not  seemed  necessary  to  make  any  attempt  at  an  ex- 
haustive review  of  the  literature  here.  It  has  seemed  to  me 
wiser  to  lay  emphasis  upon  the  main  features  of  the  subject, 
citing  only  the  more  important  researches  rather  than  to  deal 
very  fully  with  all  publications  bearing  on  the  topic,  for  in  the 
domain  of  the  lemniscus,  perhaps  more  than  anywhere  else  in 
the  central  nervous  system,  the  beginner,  on  approaching  the 
bibliographic  forest,  runs  in  danger  of  "  losing  sight  of  the  wood 
on  account  of  the  trees." 

For  those  who  wish  to  delve  deeper  into  the  bibliography, 
however,  the  articles  of  Flechsig,t  Edinger,J  von  Bechterew,* 


♦  Op,  cit 

f  Flechsig,  P.  Die  Leitungsbahnen  im  Gehim  und  RQckenniark,  etc. 
licipzig,  8vo.  (1876). — Ueber  die  Verbindungen  der  Hinterstrfinge  rait  dem 
Gehirn.  Neurol.  Centralbl.,  Leipz.,  Bd.  iii  (1885).  S.  97-100.— Zar  Lebre 
vom  centralen  Verlauf  der  Sinnesuerven.  Ihid.y  Bd.  v  (1886),  S.  545-551. — 
Zur  Anatomie  und  Entwickelungsgeschichte  der  Leitungsbahnen  im  Gross- 
him  des  Menschen.  Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1881), 
S.  12-75. — Plan  des  menschlichen  Gehirns.  Auf  Grund  eigener  Untersuch- 
ungen  entworfen.,  8vo,  Leipz.  (1883). — Die  Localisation  der  geistigen  Vor- 
gftnge  mit  besonderer  Berilcksichtigung  der  Sinnesempfindungen  des  Men- 
schen.    Leipz.  (1896). 

{  Edinger,  L.  Zur  Kenntniss  des  Verlauf cs  der  Ilinterstrangfasern  in 
der  Medulla  oblongata  und  im  hinteren  Kleinhirnschenkel.  Neurol.  Central- 
bl., Leipz,,  Bd.  iii  (1885),  S.  73-76. 

•  von  Bechterew,  W.  Untersuchungen  ueber  die  Schleifenschicht.  Ber. 
d.  math.  phys.  CI.  d.  k.  sftchs.  Gesellsch.  d.  Wissensch.,  Leipz.  (1885),  4  Mai. 
— Ueber  eine  bisher  unbekannte  Verbindung  der  grossen  Oliven  mit  dem 
Grosshim.  Neurol.  Centralbl.,  Leipz.,  Bd.  iv  (1885),  S.  194-196.— Ueber  die 
Schleifenschicht  auf  Grunde  der  Kesultate  von  nach  der  entwickelungsge- 
schichtlichen  Methode  ausgefQhrten  Untersuchungen.  Arch.  f.  Anat.  u. 
Physiol.,  Anat.  Abth.,  Leipz.  (1895),  S.  379-395. — Die  Leitungsbahnen  im 
Gehirn  und  Rilckenmark.  Deutsch  von  R.  Weinberg,  IL  Aufl.,  Leipzig 
(1899). 
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Darkschewitsch  and  Freud,  *  and  Cramer  f  on  myelini- 
zation,  those  of  Meyer,  J  Schultze,  *  Spitzka,  ||  Schrader,  ^ 
von  Monakow,^  Mahaim,J  Vejas,  J  Loewenthal,  J  Gebhard,** 
von  Bechterew,tt  Werdnig,JJ  Rossolimo,**  Dejerine,||||  Schaf- 

*  Darkschewitsch,  L.,  and  S.  Freud.  Ueber  die  Beziehung  des  Strick- 
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CHAPTER   XLVIII. 

CENTRIPETAL   FIBRES    IN   THE   FASCICULUS   LONGITUDINALIS 

MEDIALIS. 

Cases  of  secondary  degeneration — Studies  by  Golgi's  method — The  nucleus 
of  Darkschewitseh — Adjacent  bundles  of  white  fibres  in  the  develop- 
ing brain. 

(b)  The  Fasciculus  LoDgitudinalis  MmdiAlia, 

The  course  and  relations  of  the  axones  in  this  bundle  have 
been  the  subject  of  much  dispute,  and  although  an  immense 
amount  of  work  has  been  done  to  determine  the  origin  and 
termination  of  its  constituent  fibres,  we  are  still  unable  to  make 
entirely  positive  statements  in  this  connection.  The  connec- 
tions of  the  bundle  below  with  the  upward  continuation  of  the 
fasciculi  proprii  of  the  vc:..ral  and  lateral  funiculi  of  the  cord 
are  certain.  The  connection  between  the  two  is  formed  by 
means  of  a  well-marked  curve  (Fig.  459).  The  intimate  rela- 
tion of  the  bundles  to  the  eye  muscle  nuclei  in  the  midbrain 
is  also  very  definite,  but  just  how  far  downward  fibres  extend 
and  just  how  far  upward  its  fibres  reach  we  do  not  yet  know. 
Nor  are  we  certainly  informed  as  to  the  exact  number  of  ascend- 
ing fibres  and  the  exact  number  of  descending  fibres  in  the 
fasciculus.  While  many  observers  assume  that  the  majority  of 
fibres  descend — ^that  is,  are  centrifugal  in  conduction  direction^ 
having  mainly  to  do  with  reflex  activities — others  hold  that  the 
majority  of  the  fibres  ascend  and  are  centripetal  in  conduction 
direction,  representing  the  sensory  limb  of  reflex  arcs  and  pos- 
sibly a  central  conduction  path  for  the  passage  of  sensory  im- 
pulses toward  the  cerebral  cortex. 

The  study  of  cases  of  secondary  degeneration  thus  far  has 
thrown  but  little  light  upon  the  subject,  though  in  the  case 
studied  by  Jakovenko  *  the  degeneration  of  the  bundle  stopped 


♦  Jakovenko,  V.     K.  vopr.  o  stroenii  zadnjago  prodol.  puchka  (fasciculus 
longitudinal  is  medialis).    Vestnik  klin.  i  sudebnoi  psichiat.  i  nevropatoL,  St* 
Petersb.,  vol.  vi.  pt.  i  (1888),  pp.  89-98. 
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suddenly  anteriorly  on  reaching  the  level  of  the  nucleus  of 
Darkschenitsch. 

Oolgi's  method  has  proved  definitely  the  existence  of  nn- 
merous  axones  passing  into  the  fasciculus  longitudinalig  medi- 
alis,  axones  which  hare  had  their  origin  in  the  cell  bodies  or 


Piu.  tSB. — A  meittal  Boctioii  of  the  medulla  oblimgatA,  ponx,  and  mesfncephaliin 
Miallpl  and  close  to  the  middle  line;  child  aged  thrve  months:  method  of 
Wi'iftert  I  Atter  A.  Bruc«.  IlluHtrBtiim!)  of  the  Nervi'  Tncts  in  the  Mid-  and 
Hind  Brain  and  the  CTntQial  Nrrviti  arising  thcn-frum,  Eilinh.  and 
Lnnd.,  18BS.  pi.  xivii.  Fig.  1. )  The  fiKciruliix  InnKitudinaliB  medialiH  and 
itH  relation  to  the  &aciculuB  veDtialiH  prupriua  of  tht  spinal  cord  are  particu- 
larly well  Khuwn, 

dendrites  of  neurones  situated  in  the  nuclei  of  termination  of 
the  sensory  cerebral  nerves.  Axones  of  the  cerebral  conduction 
path  connected  with  the  vestibular  and  other  sensory  nuclei 
entering  the  fasciculus  longitudinalis  mcdialis  have  been  re- 
ferred to  above.  On  the  other  hand,  Uolgi  preparations  of  the 
midbrain  have  shown  large  numbers  of  axones  passing  from 
cells  in  the  superior  coUiculus  of  the  corpora  quadrigemina 
and  in  the  nucleus  of  Darkschewitsch,  which  pasn  ventral  to 
the  nucleus  nervi  oculo-motorii  to  decussate  with  correspond- 
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ing  fibres  in  the  middle  line  and  to  enter  the  ventral  portion  * 
of  the  fasciculus  longitudinalia  medialis  to  descend  in  it.     Simi- 


Fio.  460. — SaRittal  nectjon  through  brain  of  fretal  manse  in  plane  of  th«  badcnlm 
longitudinaliH  niedinlja.  (Aft^rS.  RamAn  7  Qkjal.  BcitruK  lum  Snidiam  der 
Mc^ulhi  OblunifntB,  etc.  LeipE..  1896.  p.  94.  Fig.  14. 1  .1.  faicicuInB  longitu- 
dinflliH  ii>r4liiilij(  at  level  of  punH ;  B,  cullatcrals  tVum  it  to  nucleus  S.  tnich- 
learin;  C,  rollaterahf  to  nucleus  N.  (iculo- motor! i ;  D,  end  ramifloiIioDfi  in 
niirU'US  fiuirieuli  louRitudinalis  mpdiHlis;  F.  flbnaguinjc  pnat  the  fssricalnii 
retnifleiuH  ro  enter  the  IhaUmun ;  K.  fasciciiluB  retrufleins  Mcrneitl ;  G. 
nncleiiH  rub<T;   H,  flanglinn  intf'rpedumnilBrr ;    /.  aqueductue  ccnbrl ;  L, 

~ ■"  ' n  ri>rpUB  mammlllare  and  piiwi  a.  cell  In  gan^ilion  inter^iedun- 

nii  of  deeumatio  teftnK^nti  doTtmlin  Heyntrti ;  d,  lower  motnr 
11  griseum  oentrale 


fulare :  ft.  fllin 


with  aateii* 


*  Tlie  so-called  praedomalen  LangtbOndd  of  the  Oermaiu. 
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lar  axones  arising  from  the  superior  lateral  nucleus  of  Flechsig 
pass  into  the  fasciculus  longitudinalis  medialis  of  the  same  side, 
or  after  decussation  into  that  of  the  opposite  side,  from  which 
point  they  descend.  It  remains  for  future  work  to  determine 
the  relative  number  of  ascending  and  descending  fibres.  It  is 
believed  by  van  Gehuchten  that  in  the  trout  and  salamander 
the  majorityj^of  the  fibres  of  the  bundle  descend  (motor  and 
reflex  fibres).  Large  numbers  of  collaterals  are  given  off  from 
the  fibres,  probably  from  both  ascending  and  descending  fibres 
of  the  fasciculus  longitudinalis  medialis  to  the  various  gray 
masses  with  which  it  comes  into  contact  relation  in  its  course 
(nucleus  nervi  trochlqaris,  nucleus  nervi  oculo-motorii,  f ormatio 
reticularis  grisea).     (Fig.  460.) 

The  relations  of  the  fasciculus  longitudinalis  medialis  at  its 
anterior  extremity  are  peculiarly  puzzling,«and  one  has  only  to 
read  the  descriptions  in  the  various  text-books  and  in  the  orig- 
inal articles  dealing  with  this  topic  to  appreciate  the  confusion 
which  exists  with  regard  to  it.  Especially  conflicting  are  the 
views  which  have  been  held  concerning  the  relations  to  the 
nucleus  of  Darkschewitsch,  and  to  the  gray  matter  of  the  hypo- 
thalamic region.  It  would  be  unfruitful  to  discuss  at  length, 
in  the  present  state  of  our  knowledge,  the  various  theories 
which  have  been  advanced.  I  shall  restrict  myself,  therefore, 
in  the  main,  to  a  mere  statement  of  the  results  of  my  own 
studies,  and  of  those  of  Miss  Sabin  and  Miss  Stein,  who  have 
especially  studied  this  region. 

As  the  fasciculus  longitudinalis  medialis  is  followed  frontal- 
ward  it  is  found  in  the  region  of  the  nucleus  nervi  trochlearis 
as  a  compact  bundle  which  at  this  level  begins  to  bend  ventral- 
ward  as  it  continues  its  course  toward  the  cerebrum.  The  fibres 
of  the  fasciculus  longitudinalis  medialis  come  into  very  inti- 
mate relation  with  the  nuclei  of  the  N.  trochlearis  and  of  the 
X.  oculo-motorius  (Fig.  461),  and  in  this  region  the  medial 
fibres  of  the  fasciculi  of  the  two  sides  curve  ventralward  and 
medialward,  and  come  into  contact  with  one  another  in  the 
middle  line,  so  that  the  eye  muscle  nuclei  lie  in  a  long  trough 
extending  throughout  their  whole  length. 

The  nucleus  of  Darkschewitsch,*  situated  somewhat  anterior- 


*  Cf.  Darkschewitsch,  L.  Einige  Bemerkungen  ueber  den  Faserverlauf 
in  der  hinteren  Commissur  des  Gehirns.  Neurol.  Centralbl.,  Leipz.,  Bd.  v 
<1886),  S.  99-108. 
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liireal  portiuii  of  nuvleus  olivanH  inferior.  iSvriea  iii.  oectian  No. 
122.)  r.(..  corpiiNtrapi'i'.iiiileuin;  Av.Br.Omj.,  dwuttBtiobachii  coiduDCtiTi: 
DrcBnil,,  cninniiwure  bi>tw(<«ii  Bcrhton-w'B  nuvlfi ;  D.e.n.r.,  dorau  CBtaule 
of  nucleus  ruber;  F.a.i..  flbnt  arruatie  int^rnn  ;  niH.nfrq/'.,  liuciculuaretro- 
flexiut  HeyntTtl ;  F.l.m,.  raseiniluH  limtcitndiniiliii  mediHlJi;  FJ.p.,  bundle 
continuuuK  with  the  fuwiviiluH  Isterali*  propriiia  uf  the  curd;  F.l.p.ldj,  doi^ 

Ertiiiii  nf  hunilie  rontinunus  with  ftuvicnlus  iiilpralix  protiriug  of  the  cord  ; 
L,  leniiiiM-iis  IiitcniliK:  /_«..  lenmiat'iu  medialiH;  S.tll..  radix  N.  oralo- 
miit'irii;  A'.JW.  1%  mi>tiir  niut  uf  N,  trlgeminuB ;  AM'.,  ttnrory  root  of  N. 
trfneminuii ;  A'.  IV..  rulii  X.  kltduErntii:  N.VIL.  radii  N.  fociitliik  pan  *e- 
eamla ;  .V.  nM.,  radix  N.  veittiliuli ;  S.Xl..  radix  N.  Brw«oni ;  .V.Z//.,  radii 
N.  hj'p'Wl"'*'! ''  JVn.K(.m..  iiueleuii  foscieali  longitudinalis  mpdialia.  or  no- 
cleu*  nnniuiiHiira^  pcmtcrioriii  Istn-rr  OcitlomoloTiHtkrni  lit  TlHrkBChewitscbl  i 
^■■.H.///;*!..  [urHimiuruf  niirleuaN,  wulimmtnrii ;  Syt.m.IllJ.,  para  lateral ia 
of  nucleUA  N.  iHUlc.tii.itorii :  .Yx.o.i..  iiuclfiig  ullv-aris  superior :  S».».e.  V., 
niurU'Uii  N.  eiK^hU'tK  vi-iitnilin;  .Vi.o.i.,  imclenn  nliTsria  inferior;  A'ii.a.a.i>., 
nuvlcus  olivariH  aceeiMuriuH  medialiB ;  TrjT.nit.D..  tract  fWim  Dcitien'  ducImm 
tu  the  gplnul  card.     iPrepuratioii  by  Dr.  John  Hewetaon.) 
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lO.  462.— HoriHintul  Bcctioii  tUrcingli  Ihs-  mtdulla.  pons,  nnd  miiDirain  of  new- 
horn  bab?.  Level  uf  »tratuui  iiiUTulivare  IrniiiiM-i.  i-iirpuh  Crapczuidcum  anil 
nacleua  ruber.  Weig.Tt-I'al  Blaiaiiix.  (Scries  iii,  M.-cti(.ii  Nik  138.1  (,'.(.,  (ii.r- 
pUH  trBpiiiiidciim ;  Itre.Hr.Omj.,  ilii-iuaatio brarhii  ruQJuni-tJvi :  7>.f.,  d«cnii- 
mtiulegnn'iiti  ventnitiH  I  ventral  U'Kiui-iilaliln-UKWitiim  in  FliTL-li;  F.ii,i,l  DeeJ.], 
Bbne  ■iT'iialn  interna!  (iliTuamitiii  lemnbiriinini) ;  F.I.,  ilhnn  contiiiimuKWith 
tho  funiculiis  lateiHliH  i>r  tlie  R]Hiial  enni :  F.Lm,,  IkwiculoB  lim^todinalbi 
medialis;  f.r.Jf.,  fawu'uUis  rctroflexiiM  Meynerti :  f.n..  lemnlKFUii  mrdiallE; 
N.IIL,  radii  N.  imilouiutorii ;  .V..Vn(.I.,  miitnr  mit  iif  N.  triRpmimiii ; 
N.Sn.y.,  senM>ry  nxit  i.f  X.  irifcemliiui' i  S.Vlll.fneii.l  radii  N.  iiwliliw: 
K.  VIII. {ml.  I.  radix  M.  vvHtiliuU  ;  .V.  I'/.,  mdii  N.  abducLntlH ;  iV.  17/., radii 
N.  bdaliH,  pan  M-eunda :  .V..V/7..  reillx  N.  hj-po^liwi ;  Xh./.I.hi,,  nucleua 
Duciculi  InagltudinHliH  iiicdialia.  iir  iiui'Iitiih  miuniiiMunc  pi»>tcrii>riH  (o&eirr 
Oculomotorhikem  of  DarkscbewitM-h) ;  Kh.h.III,  nucleUH  S,  iiculiimiitorii ; 
Nu.o.a.m..  nucleux  iilivHriBArrewuiriuH  ninliaiiii;  Sv.o.i.,  niii'leua  ulivariii  in- 
feriur:  Kh.o.h..  nui-lens  iilivariH  suiierior;  AVmir/-,  nucleiw  nihur;  ffl.i./., 
atratum  int«roliVHre  leniiibK'i;  An.,  Hubittantia  nigra.  (Pn'iuratiuii  by  Dr. 
John  Hewetson.) 
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ly  and  laterally  {Fig.  i62)  as  regards  the  nucleos  Derri  oculo- 
motorii,  and  in  frontal  sections  appearing  to  be  dorsally  placed 
aa  regards  the  latter  (Fig.  4C3),  stands  in  very  intimate  connec- 
tion with  the  white  fibres  of  no  less  than  three  areas.  In  the 
first  place  it  is  directly  associated  with  the  white  fibres  of  the 
fasciculus  longitudinalis  medialis ;  in  the  second  place  it  is  in 
the  direct  course  of  the  fibres  (distal  or  ventral  part  of  posterior 


Fio  463 — Tran«  Pint  lerti  m  thmnBh  mewncephslnn  collicnii  HupennreH  of  cui^ 
punt  quai1nK<niiiui  Hnd  i.enhral  pnlunclp  of  Dfwlxjm  babe  I  WpigErt--I^I, 
nenea  ii  sroti  >n  N  VH  )  Aq  err  aqoinluctiig  crrrbn  Ooll  mp  cullirnliui 
guptrior  D  I  (In  iixatio  tftnncnti  dnraalis  I,  foHtatararhgi  Haiiknitreusiiiig  ttt 
Heyoert)  Flm  faiiri  ulus  loositudi nails  nirdialu  F Pji  bsciculi  P7i»- 
midiileB  in  thp  hamB  pedum  till  FriV)  faHciculns  rptmftpiiu  Hej'nerti ; 
Lm  Icnmi-'rurt  mudialu  \h  Flm  hucIpub  bHKuli  lunjiitudiiulu  medi- 
»liii  or  nui  IpuK  lommivnine  pinrtcrionti  lobtrer  Omfotnofunint^nt  of  Darkache- 
wibtehi  \uhIII  niidcus  N  w  iilouutoHl  \u  t  nuileiu  rabcr  N.III. 
N  (K-uli  DiiituniiH  '•T  oU  p  BtiatuiD  album  pnifiiTtdum  '4  jrr  r  itivtDin 
griacum  cfntrale  ^  n  lulmtantu  niRia  ,  a.  region  of  FlcchsiK's  FimMMeifi; 
j,  tcmporu-w  I  ipitttl  tract  tu  pone  y  nvntal  tract  from  pallmin  to  poiu. 
(Preparatiun  by  l)r  John  Hiwitsun  ) 

commissure)  which  extend  from  the  snpenor  coUicalns  of  the 
corpora  quadngemina  of  one  side  across  the  roof  of  the  aque- 
duct of  Sylvius  to  the  region  of  the  fasciculus  longitaduutlis 
medialis  of  the  opposite  side.  In  the  third  place,  ventral  to  the 
nucleus  of  Darkschewitsch  is  a  mass  of  white  fibres  which  ex- 
tends from  the  region  of  the  nucleus  ventralward  and  frontal- 
ward  and  somewhat  lateralward.  so  as  to  pass  between  the  middle 
line  and  the  fasciculus  retroflexus  (Jifeyiierti).     The  nucleus  of 
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Darkschewitsch  is  intercalated,  as  it  were,  as  a  nodal  {K>int  at 
the  junction  of  these  three  masses  of  fibres.  The  nucleus  of 
Darkschewitsch  has  a  very  definite  outline  just  anterior  to  the 
nuclei  of  the  third  nerve,  but  farther  anterior,  just  medial  to 
the  place  where  Meynert's  bundle  merges  into  the  red  nucleus, 
the  nucleus  of  Darkschewitsch  comes  into  relation  with  the 
gray  matter  of  the  anterior  capsule  of  the  red  nucleus,  and  a 
small  bundle  of  fibres,  apparently  belonging  to  the  fasciculus 
longitudinalis  medialis,  can  be  followed  beyond  the  nucleus  of 
Darkschewitsch  to  the  ventral  portion  of  the  capsule  (F.  Sabin). 
It  is  very  difficult  to  say  from  the  study  of  Weigert  preparations 
how  many  of  the  fibres  ventral  to  the  nucleus  of  Darkschewitsch 
represent  continuations  of  the  fasciculis  longitudinalis  medialis, 
and  how  many  represent  continuations  of  the  bundle  of  fibres 
of  the  commissure.  Xor  is  it  possible  to  say,  from  Weigert 
preparations  alone,  how  many  fibres  from  the  opposite  superior 
colliculus  go  past  the  nucleus  of  Darkschewitsch  without  end- 
ing in  it  to  enter  the  fasciculus  longitudinalis  medialis.  The 
best  Golgi  studies  of  this  region  are  those  of  Held  and  van  Ge- 
huchten.*  The  comparative  anatomy  is  dealt  with  by  Edinger. 
A  full  description,  which,  however,  is  not  altogether  satisfac- 
tory, is  given  by  von  Kolliker. 

Miss  Gertrude  Stein,  who  is  now  studying  a  series  of  sagittal 
sections  through  this  region  from  the  brain  of  a  babe  a  few  weeks 
old,  describes  the  nucleus  of  Darkschewitsch  as  follows :  *'  The  nu- 
cleus is  more  or  less  conical  in  sliape.  It  lies  dorso-medial  from 
the  red  nucleus,  being  about  as  thick  in  a  dorso-ventral  direction  a& 
is  the  dorsal  capsule  of  the  red  nucleus  in  which  it  lies.  At  this 
period  of  medullation  the  coram issura  posterior  cerebri,  considered 
simply  topographically  (that  is,  as  a  meduUated  fibre-mass  without 
particular  reference  to  the  course  of  the  fibres),  appears  as  a  dorso- 
ventral  bundle,  solid  in  the  middle,  subdivided  dorsally  into  an 
anterior  (proximal)  portion  and  a  posterior  (distal)  portion,  while 
ventrally  it  expands  in  the  form  of  a  hollow  pyramid,  which  rests 
directly  upon  the  nucleus  of  Darkschewitsch.''  As  to  the  bundle  of 
fibres  described  above  as  being  situated  ventral  to  the  nucleus,  and 
passing  forward  and  ventral  ward.  Miss  Stein  in  the  brain  she  is 
studying  can  follow  the  fibres  only  as  far  as  tlie  fasciculus  retro- 

*  van  Gehuchten,  A.  IjC  iB^anglion  basal,  la  commissure  post-habcnulaire, 
le  faisceaa  longitudinal  post^rieur  et  les  cellules  medullaires  dorsales  du 
nevraxe  de  la  Salamandre.    Verhandl.  d.  anat.  Gesellsch.,  Jena,  Bd.  xi  (1898). 


Ill 
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flexus.  The  fibres  most  ventrally  situated  are  very  complex  in 
arrangement,  forming  a  whirl  in  the  substance  of  the  nucleus  ruber. 
Indeed,  the  nucleus  ruber  is  divisible  into  two  parts  by  this  whirl 
of  fibres — one  part  anterior  and  smaller,  the  other  part  posterior  and 
much  larger.  In  the  anterior  portion  there  are  only  delicate  me- 
dullated  fibres,  and  these  are  directed  almost  straight  antero-pos- 
teriorly.  In  the  posterior  part  the  medullated  fibres  are  much 
coarser  in  calibre,  are  arranged  in  small  bundles,  are  directed  diag- 
onally, and  appear  to  correspond  to  the  continuation  inside  the  red 
nucleus  of  the  fibres  of  the  brachium  conjunctivum  and  of  the 
formatio  reticularis.  The  anterior  fine  fibres  and  the  posterior 
<5oarse  fibres  are  separated  from  one  another  in  the  medial  part  of 
the  nucleus  ruber  by  the  fasciculus  retroflexus.  In  the  lateral  part 
of  the  nucleus  the  two  areas  approach  one  another,  and  the  peculiar 
difl^erences  between  the  two  masses  of  fibres  gradually  disappear. 
Some  of  the  coarse  fibres  of  the  posterior  part  of  the  red  nucleus 
curve  dorsal  ward  to  come  into  relation  with  the  nucleus  of  Dark- 
schewitsch  at  the  point  where  the  ventral  bundle  above  mentioned 
originates. 


The  upward  continuations  of  the  fasciculus  longitudinalis 
medialis,  which  could  be  looked  upon  as  being  concerned  in 
the  conduction  of  sensory  impulses  toward  the  somsesthetic 
area  of  the  cortex,  are  not  at  all  well  understood.  So  far  as  we 
can  find  in  serial  sections  through  the  baby's  brain  cut  in  all 
three  dimensions  of  space,  it  is  not  possible  to  follow  any  direct 
I  upward  continuations  far  into  the  hypothalamic  region,  and  if 

*  the  fasciculus  longitudinalis  medialis  is  to  be  regarded  as  one 

of  the  paths  mediating  sensory  impulses  on  their  way  to  the 
cerebral  cortex,  this  path  is  almost  certainly  interrupted  in  the 
hypothalamus  or  thalamus. 


^ 


CHAPTER  XLIX. 

CENTRIPETAL   AXONES   IN   THE    FORMATIO   RETICULARIS. 

Forers  Haubenfaaeikeln — Ilonegger's  hintere  LdngsMmdel-formation — 
Central  paths  of  vagal,  glossopharyngeal,  and  trigeminal  nerves — 
Fasciculi  teginonti  centrales. 

(c)  The  Formmtio  Reticularis  Alba. 

As  to  the  upward  continuations  of  longitudinal  bundles  of 
fibres  in  the  formatio  reticularis  we  have  also  little  information 
that  is  definite.  It  has  been  shown  by  von  Monakow  that,  after 
extensive  defect  in  the  hemisphere  of  the  dog,  degeneration  of 
Forel's  Haubenfaaeikeln^  and  of  many  other  fibres  in  the  for- 
matio reticularis,  results.  The  change  is  that  of  simple  atrophy 
rather  than  of  actual  degeneration. 

It  has  been  observed  in  human  cases  as  well  as  in  experi- 
mental animals,  so  that  there  can  be  but  little  doubt  that  many 
of  these  longitudinal  bands  of  the  formatio  reticularis  are  con- 
nected by  means  of  neurones  of  a  higher  order  with  the  cerebral 
cortex.  Just  where  the  medullated  axones  of  the  formatio  retic- 
ularis end  is  not  certain.  But  it  seems  probable  that  the  place 
may  be  the  hypothalamic  region,  or  the  ventral  group  of  nuclei 
of  the  thalamus,  and  that  a  new  neurone  thence  sends  an  axone 
out  through  the  internal  capsule  to  the  cerebral  cortex.  It  seems 
probable  that  Honegger's  hintere  Ldngshundelformation  is  to 
be  here  included.  The  bundles  described  by  Honegger  do  not 
coincide  with  the  fasciculus  longitudinalis  medialis,  but  include 
the  longitudinal  bands  of  the  formatio  reticularis,  which  go  be- 
tween the  two  brachia  conjunctiva  dorsal  to  the  decussation,  and 
beyond  the  red  nucleus  into  the  hypothalamic  region.  They 
become  mingled  with  the  frontal  and  medial  bundles  of  the 
capsule  of  white  matter  which  surrounds  the  red  nucleus. 
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Not  to  be  forgotten  in  this  connection  are  the  gpecial  hnndles 
in  the  formatio  reticularis  made  up  of  the  meduUated  axonea  of 
centrat  neurones,  the  perikaryons  of  which  are  situated  in  the 


H  N.   hyiiottroKHi ;    C.  dnufwtii; 
IS  Militiirluit:  E.  rpnlml  wth  fui 


mllalvrnis  ot  iM>iiiu>r]r  a: 


nuclei  terminales  of  the  X.  va^us,  the  X.  gloasopharjogeoB,  the 
N.  Yoetibuli,  and  possibly  also  the  N.  trigeminus.  It  ia  desirable 
that  as  soitn  as  possible  these  bundles,  which  have  been  localized 
by  fJolgi's  method  (Figs.  iCA  and  465),  should  be  satisfactorily 
topographically  located  in  AVeigert-Pal  preparations  of  the 
meduUated  formatio  reticularis. 

The  fasciculus  tcgmenti  centralis  (rentrale  Haubenbahn)  of 
the  <>crmans)  may  contain  some  centripetal  fibres,  but  the  con- 
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ecngiis  of  opinion  ia  that  its  fibres  are  in  the  muin  descending. 
It  is  described  in  Chapter  LVIIl. 


[O    MS — SVrtinn  ttiruuKh  thp  rhonibdid'phHlnn  below  the  (Kou  i   

ndicis  N  bcialiK.  \fttT  S  Ramun  v  Cuja.].  Ki-itniK  ziim  ijtudium  di>r 
Medulla  Oblongata  «tc  Bn-«ler  I^iipz  IBOB.  S.  74.  Fis.  20..i  ^.  fumwtio 
TFticiilanN  KTinea  in  whiiii  tlip  UUnil  central  puth  InioiiiHt  or  cvntri petal 
mnronm  >f  tbc  iiccnnd  order  oannrttrd  with  the  >'.  Ti-ntibulil  lira;  B.  latenl 
portion  of  th(  nutliUH  N  M-Htiliuii  Hpinalig;  C.  niiilial  tuition  of  tliosamo; 
T  troctuH  Hpinalid  N  triitiroini  P  <  nr)>uii  n'Htiforni(> ;  ii.  A.  tcIIh  the  bioiich 
of  wbich  run  to  the  lateral  vmtml  viirtihaliiT  imth  :  d.  ccUb  tlic  nxones  iif 
whirh  g  I  lalenilnani  e  /  aiunes  which  run  to  thi'  niphe.  The  k'tter  c 
indU-Ht«t  the  aiiines. 


I 

it'i 

]\ 
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6.  The  Upward  CkmtinTuitioii  of  the  Fihree  of  the  Braehium  Co^jniietiTiim  and 

the  Badiatiom  of  the  Sed  Vncleni.* 

CHAPTER   L. 

ON  THE   NEURONES  SUPERIMPOSED   UPON   THE   BRACHIUM   CON- 
lii*!  JUNCTIVUM,   AND   THE   RADIATIONS    OF    THE    RED   NUCLEUS. 

,1'^j  Termination  of  fibres  of  brachium  conjunctivum — The  capsule  of  the  red 

'  nucleus — Study  of  secondary  degenerations — Cerebello-cerebral  paths — 

Soraarethetic  area  of  the  cortex. 


i 
I 


t 


^\  We  have  seen  that  the  majority  of  the  fibres  in  the  bra- 

■  chium  conjunctivum  do  not  extend  farther  cerebralward  than 

the  red  nucleus.     The  majority  of  the  constituent  fibres  of  each 
ilk'  brachium  conjunctivum  partly  arise  but  mainly  end  in  the  red 

Si :  nucleus.     There  is  some  evidence  that  a  few  of  them  extend 

!  beyond  the  red  nucleus,  joining  the  other  white  fibres  situated 

jb'  on  the  lateral  surface  of  this  body  (Fig.  324). 

The  study  of  serial  sections  through  the  brain  of  the  new- 
•  bom  baby  stained  by  Weigert's  method  shows  meduUated  fibres 

forming  a  very  distinct   capsule   to  the  red   nucleus.     These 
I  fibres  are  most  abundant  anterior  to  the  red  nucleus  and  on  its 

lateral  side,  although  large  numbers  are  also  present  upon  the 
dorsal  surface  of  the  nucleus.  Relatively  few  medullated  fibres 
exist  ventral  to  the  nucleus  at  birth,  though  in  the  adult  more 
exist  here.  It  is  customary  to  divide  the  capsule  of  the  red 
nucleus,  therefore,  into  a  lateral  portion,  a  frontal  portion,  a 
dorsal  portion,  and  a  ventral  portion  (Fig.  323  and  Fig.  324). 

The  lateral  portion  of  the  capsule  of  the  red  nucleus  corre- 
sponds to  the  bundle  which  Forel  designated  as  BATh,  and 
represents  a  part  at  least  of  Flechsig's  Hauhenstrahlung.  It  is 
the  bundle  described  by  von  Monakow  as  Im  EK,  As  has  been 
pointed  out  above,  it  lies  close  to  the  medial  surface  of  the  up- 


I 
i 


♦  fTauheuHtrohluug,  AusMrnhlungen  des  rothen  Kernes  of  the  Germans; 
Capsule  (In  noi/nu  rouge,  radiations  de  la  calotte  of  the  French. 
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ward  continuation  of  the  main  portion  of  the  lemniscus,  but  it 
is  easily  distinguishable  from  this  bundle.  There  are  certainly 
many  cells  among  these  fibres.  Anterior  to  the  red  nucleus  the 
fibres  of  the  difEerent  portions  of  its  capsule  enter  into  a  com- 
mon area — the  "field  H "  of  Forel.  The  further  continuation 
cerebralward  is  still  a  matter  of  dispute. 

Von  Monakow's  experiments  have  shown  that  if  a  whole 
hemisphere  be  removed  two  sorts  of  changes  take  place  in  the 
fibres  now  being  considered — (1)  actual  secondary  degeneration 
and  (2)  simple  atrophy.  The  total  reduction  in  volume  of  the 
field  amounts  to  about  one  half  after  total  defect  of  one  hemi- 
sphere. Apparently,  the  part  of  the  cerebral  cortex  chiefly 
concerned,  directly  or  indirectly,  with  the  radiations  of  the 
red  nucleus,  is  the  region  of  the  central  gyri  and  the  opercu- 
lum. It  is  possible  that  some  of  the  fibres  are  connected  with 
the  island  and  with  the  anterior  portion  of  the  parietal  lobe.* 
We  are  not  sure  how  many  fibres  in  Forel's  "  field  H  "  ascend 
(from  cell  bodies  situated  in  the  red  nucleus  or  gray  masses 
still  more  inferiorly  situated)  nor  how  many  descend  (from  cell 
bodies  in  the  basal  ganglia  or  in  the  cerebral  cortex),  nor  how 
many  are  directly  connected  with  the  cortex,  nor  how  many  are 
indirectly  connected  with  it  by  means  of  neurones  of  other 
orders.  It  is  probable  that  fibres  pass  in  both  directions  be- 
tween the  region  of  the  red  nucleus  and  the  cortex,  and  it 
seems  certain  that  a  part  of  the  fibres  extend  through  the 
whole  distance  without  interruption.  These,  in  all  probability, 
are  the  ones  which  undergo  total  absorption  after  a  defect  in 
the  cortex  which  has  existed  a  long  time.  They  appear  to  cor- 
respond to  a  part  of  the  dorsal  and  anterior  portions  of  the 
capsule  of  the  red  nucleus.  On  the  other  hand,  a  great  many 
of  the  ascending  fibres,  in  all  probability,  end  free  in  the  hypo- 
thalamic region  and  in  the  thalamus  (Mingazzini,  Dejerine), 
and  are  connected  with  the  cortex,  if  at  all,  only  by  means  of 
neurones  of  a  higher  order.  It  seems  probable  that  the  fibres 
forming  the  lateral  and  ventral  portions  of  the  capsule  of  the 
red  nucleus  are  here  to  be  considered.  Von  Monakow  sug- 
gests that  the  fibres  forming  the  dorsal  capsule  of  the  red  nu- 


♦  At  least  four  cases  of  atrophy  of  the  red  nucleus  after  cortical  lesions 
have  been  described,  one  by  Flechsig  and  Hoesel,  one  by  Mahaim,  one  by 
von  Monakow,  and  one  by  the  Dejerines. 
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cleus  are  identical  with  Honegger's  hintere  Ldtigshundelfar' 
mation. 

An  observation  by  the  Dejerines  is  so  important  in  this 
connection  that  it  deserves  more  than  passing  notice.*  They 
had  the  good  fortune  to  obtain  for  study  the  nervous  system 
from  a  man  fifty-three  years  old,  who  had  for  eleven  years  suf- 
fered from  a  right-sided  hemiplegia  with  total  aphasia.  At 
autopsy  there  was  found  a  very  extensive  lesion  of  the  cerebral 
cortex  involving  the  whole  external  face  of  the  left  hemisphere 
and  the  orbital  surface  of  the  frontal  lobe  without  injury  to  the 
central  ganglia.  There  were  multiple  secondary  degenerations* 
There  was  not  only  a  degeneration  of  all  the  projection  fibres 
of  cortical  origin,  but  also  a  total  degeneration  of  the  fibres  of 
the  internal  capsule,  of  the  foot  of  the  cerebral  peduncle,  of 
the  substantia  nigra,  and  of  a  portion  of  the  red  nucleus. 
They  were  able  to  follow  in  this  case  very  exactly  the  course  of 
the  bundles  of  fibres  which  they  believed  to  pass  uninterruptedly 
between  the  red  nucleus  and  the  cerebral  cortex  {fibres  coriico- 
rubriques  directeii).  They  could  identify  them  below  the  de- 
generated  fibres  of  the  internal  capsule  in  the  upper  part  of  the 
hypothalamic  region,  whence  the  degenerated  area  extended 
1^  inward,  passed  between  the  geniculate  bodies  on  the  one  side 

1  j  and  the  bundle  of  Tiirck  on  the  other,  and  occupied  an  irregu- 

■  lar  zone  outside  the  central  gray  substance  of  the  third  ventri- 

cle— a  position  which  corresponds  evidently  to  the  upper  part 
J  of  the  capsule  of  the  red  nucleus  and  which  is  situated  between 

the  fasciculus  retroflexus  of  Meynert  and  the  bundle  BATh  of 
Forel.  The  degeneration  of  these  fibres,  which  form  a  portion 
of  the  radiations  of  the  red  nucleus,  could  be  followed  into  the 
whole  of  the  dorsal  and  anterior  portion  of  the  red  nucleus. 
^  The  ventral  and  posterior  part  of  the  nucleus  was  normal,  as 

was  also  the  brachium  conjunctivum.  Not  all  of  the  dorsal 
part  of  the  red  nucleus  was  deprived  of  fibres.  On  its  dorsal, 
anterior,  and  lateral  surface  the  thalamic  contingent  of  the 
radiations  showed  undegenerated  fibres,  and  one  could  in  this 
case  easily  decide,  therefore,  which  of  the  radiations  belonged 
to  the  thalamus  and  which  belonged  to  the  cerebral  cortex. 


■1 


♦  Dejerine,  J.,  et  Mine.  J.  Dejerine.  Sur  les  connexions  du  noyau  roug« 
avec  la  corticalito  cerebrale.  Compt.  rend.  Soc.  de  biol.,  Par.,  10.  s.,  t.  ii, 
(1895),  pp.  226-230. 
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Between  the  cortex  of  one  cerebellar  hemisphere  and  that 
of  the  opposite  cerebral  hemisphere  two  paths,  therefore,  in  all 
probability  exist,  one  consisting  of  three  superimposed  neu- 
rones, the  other  of  four.  The  neurones  of  the  more  direct 
path  would  include  (1)  a  neurone  the  axone  of  which  extends 
from  the  cerebellar  cortex  to  the  nucleus  dentatus ;  (2)  a  neu- 
rone the  axone  of  which  extends  from  the  nucleus  dentatus 
through  the  brachium  conjunctivum  and  its  decussation  to  the 
red  nucleus  of  the  opposite  side;  (3)  a  neurone  with  the 
axone  extending  from  the  red  nucleus  to  the  cerebral  cortex. 
In  the  less  direct  path  four  neurones  would  be  involved :  (1)  a 
neurone  with  axone  extending  from  the  cerebellar  cortex  to 
the  nucleus  dentatus ;  (2)  a  neurone  connecting  the  nucleus 
dentatus  with  the  opposite  red  nucleus  by  way  of  the  brachium 
conjunctivum ;  (3)  a  neurone  connecting  the  red  nucleus  with 
the  hypothalamus  or  thalamus ;  (4)  a  neurone  connecting  the 
hypothalamic  region,  or  the  thalamus,  with  the  cerebral  cortex. 

I  would  suggest  that  the  term  "  somaesthetic  area  "  *  be  re- 
tained for  all  those  regions  of  the  cortex  which  receive  centrip- 
etal impressions  from  these  central  sensory  conduction  paths, 
be  it  by  way  of  the  lemniscus,  by  way  of  the  formatio  reticu- 
laris, by  way  of  the  fasciculus  longitudinalis  medialis,  or  by 
way  of  the  upward  continuation  of  the  brachium  conjunctivum 
and  the  radiations  from  the  red  nucleus,  and  whether  the  con- 
duction be  directly  from  these  bundles,  or  indirectly  by  means 
of  neurones  of  a  higher  order  interposed. 


KdrperfUhlsphdre  of  Munk  and  Flechsig. 


6.  Central  Centripetal  Azonet  paieing  throngh  the  Internal  Captnle  (Cortieopetal 
Projeetion  Venronet  of  the  General  SomsMthetio  Condnetion  Path). 


CHAPTER   LI. 

Embryological   mcmbprment — Flechsig's  system  Xo.  I — System  Xo.   II — 
System  Xo.  Ill — ResumS  of  soma»sthetic  conduction  paths. 

From  what  has  been  said  in  the  foregoing  chapters,  it  will 
be  plain  that  we  are  in  urgent  need  of  more  exact  knowledge 
concerning  the  sensory  paths  from  the  tegmental  portion  of 
the  cerebral  peduncle  to  the  cerebral  cortex.  It  is  certain  that 
a  large  majority  of  the  fibres  are  interrupted  (nearly  all  of  the 
lemniscus,  probably  all  of  the  fibres  of  the  fasciculus  longitudi- 
nalis  medialis,  many  of  the  fibres  of  the  brachium  conjunctivum, 
and  radiations  of  the  red  nucleus).  It  seems  likely  that  a  part 
of  the  fibres  pass  directly  out  to  the  cortex  (possibly  a  portion 
of  the  lemniscus,  many  of  the  fibres  from  the  radiation  of  the 
red  nucleus).  The  stations  intercalated  in  the  path  are  of  rather 
wide  area  (ventro-lateral  group  of  nuclei  for  the  thalamus,  for 
the  lemniscus,  gray  matter  of  hypothalamic  region,  of  ventro- 
lateral portions  of  the  thalamus,  and  possibly  of  Luys'  body, 
and  the  centre  midiaii  of  Luys  for  the  fibres  of  the  other  bun- 
dles). Secondary  degenerations  show  a  different  path  through 
the  internal  capsule  for  different  portions  of  these  centripetal 
fibres  from  these  various  intermediate  stations.  Thus,  while 
they  all  pass  through  the  posterior  portion  of  the  pars  occipitalis 
of  the  internal  capsule,  still  in  this  region  it  is  possible  to  sep- 
arate, to  a  certain  extent  at  least,  the  area  corresponding  to  the 
axones  coming  from  the  intermediate  stations  connected  with 
the  lemniscus  from  the  areas  which  correspond  to  the  inter- 
mediate stations  belonging  to  the  radiations  of  the  red  nucleus. 

The   embryological   studies   of  Flechsig   dealing  with   the 

sensory  fibres  going  to  the  cerebral  cortex  may  be  mentioned  in 

this  connection.     Flechsig  unfortunately  does  not  distinguish 

clearly  in  his  work  the  upward  continuations  of  the  lemniscus, 
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direct  or  indirect,  from  those  belonging  to  the  radiations  of  the 
red  nuclena,  etc.  He  groups  the  large  mass  of  centripetal  fibres 
together,  and  states  that  passing  through  the  internal  cspeule 
the  indirect  continuations  of  the  sensory  fibres  of  the  dorsal 
roots  of  the  spinal  and  cerebral  nerves  can  be  divided  into  three 
definite  systems,  which  become  medullated  at  different  periods. 
He  has  designated  these  three  systems  of  fibres,  according  to 


ro.  466.— Sadttal  section  through  the  hiiman  brain ;  nt'hpmatlc.  f  After  P. 
Flechaig.  Die  Localigatinn  dpr  griMligen  ViiruSiigf.  etc..  Lcijjs..  1898,  8.  14, 
Fig.  1.)  Op,  glubua  palliihiB  nf  tht'  Ivtitii-uliir  nucleus;  P,  putatupn ;  iVc, 
nncleiia  caudiituH ;  l.K.  lateral  nui-lfUH  iif  the  thalamus ;  KA'.  cup-shaix-d  ttuij 
of  thal&muB  i,tdiaimformiaer  Harper  j ;  em,  rmirr  mfiliaH  of  Luypi  iit  thalamUB ; 
HK,  medial  nucleus  and  pulvinnr;  r,  anti'ritir  niicleuii  of  thalaniiis;  l.K, 
8K.  em.  together  tvptesent  Flii'hiiig'H  veiitro-latentl  group  of  nuclei  of  the 
th^unuB ;  HK.  v,  repr»wnt  his  donto-niiilini  gniup  of  iiudci ;  ri.  internal 
capaale;  1.,  nucleus  hypothalaniicus  (corpus  Luysil ;  i^.7,  superior  tVoDtal 
gyrus:  F.III,  inferior  fnrntal  (tynis;  (III,  gyrus  hippiiranipi ;  I't',  anterior 
eentntl  gyrus;  HC.  pottterior  tentnit  gyrus;  SR,  sulcus  (lentmliH  Kol&ndi : 
Kap,  sulcus  pkricto-ocripitfilis ;  Fi.fa,  fissure  ralmrina ;  1, 1,  J'.  I'".  BeuBoiT 
WBtem  No.  1 ;  g,  S',  f,  i",  sensory  system  No.  2 ;  S.S.f'.  sensory  systeiD 
No.  S ;  different  kinds  of  dotted  lines  are  us<-d  In  represi-nt  these  three  sys- 
terns  in  all  the  figures.  The  eoitienpi'lal  puths  iif  the  optic  thalamus  are 
reprvaenled  in  the  figure ;  the  corticofugal  condurtion  paths  of  the  dorwi- 
aedial  group  of  nuclei  of  the  llialamus,  the  motor  paths  of  the  cerebral 
cortei,  etc.,  are  not  shown.  The  HrrHngeineut  of  the  points  in  the  vcntro- 
lateral  domain  of  the  thalamus  is  scheniutic. 


the  order  of  their  medullation,  as  systems  I,  II,  and  III  (Figs. 
466-466).     For  system  No.  I  the  myelin  appears  at  about  the 
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beginning  of  the  ninth  total  month.  It  occupieB  the  posterior 
part  of  the  internal  capsule,  and  in  ita  npper  half  the  area  im- 
mediately behind  the  fibres  of  the  pyramidal  tract.  The  fibres 
of  this  system  in  the  main  pass  up  from  the  basal  portions 
of  the  lateral  nucleus  of  the  thalamus,  the  cup-shaped  body 
{sckalenformiger  Korper  of  Flechsig  and  von  Tschisch),  and  in 
part,  Flechaig  believes,  directly  out  of  the  medial  lemniscus. 
They  are  distributed  exclusively  to  the  cortex  of  the  two  cen- 
tral gyri,  which  are  thus,  the  first  of  all,  the  regions  of  the  cortex 
to  become  connected  by  means  of  meduUated  fibres  with  the 


Fro.  4«7,— Fronlul  sei'tion  throURh  the  hunuiii  bmin  ;  sohenutic.  (After  P. 
Flwhxifc.  nil'  LomlisatiuuHdcTiii'iBtiiKii  Vi>r|{Hugc  He..  I.eipi.,lBB6.RS0.  Fix. 
3, 1  /,  //.  in.  Unit,  H'-umd,  and  thlnl  portion  of  the  nuclean  leDtiformid ; 
LK.  lalvral  nucli-iiH  uf  thalumus;  iK.  iK!  mndi&l  uqvK'Ub  uf  thaUmUB:  Se, 
niirleite  coudutus;  In  navlcUH  hypathalaiiiiruB  (mrpiis  Luygi) ;  oK.  bTachium 
ciiiijuiK^tivina  :  u,  ttwctiiH  upticus ;  .Im.  nuuleiwaiuyRtlalv  :  Ri',  Fti^  Hylvii ; 
He,  fHiHteriiir  i-eiitnil  fcymx;   'iim,  nyrus  HupiumHrKiiuiiiB ;  TI.  Til,  Till, 


supcnur.  luidilk'.  >ii<l  \n1etiar  tenipiinl  gyri  :  Q,  mit^riur  t 
gynu;  oT.  Kyrus  [H-fipiln-tUDiniralU ;  I.p,  UibuluH  vurai'i-ntniliB 
lailliiaam  ;  a.  atiilitory  (-ondnctlun  patli. 


p  temponi 


senBory  apparatus  of  the  body.     The  fibres  of  this  system  are 
marked  1',  1'  in  the  diagrams. 

A  few  of  the  fibres  of  this  system,  corresponding  to  the  pos- 
terior angle  of  the  Icnticolar  nucleus,  run  in  the  external  c»p- 
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Btile,  and  in  the  most  posterior  part  of  the  lamina  medullaris 
lateralis  of  the  lenticular  nacleuB.     A  small  bundle  appears  to 


Flo.  468. — Horizuntal  HeMion  thrciuRli  the  hiimaa  hniin ;  achonuitic.  (After  P. 
Flcchsis.  Did  Local i KB tioii  dtr  gt-ialiRiii  Vorttaajic,  et^ .,  Lcipi..  1896.  8.  2X. 
Fig.  3.)  /.  //,  ///,  Qnl.  net'iind,  huiI  third  purtion  of  the  nurlcua  IvDti- 
fonaig ;  AV,  nuflciis  caudatuit :  /.A'.  IhUthI  nuclciui  of  tlialaDiuH ;  lA',  miidial 
nucltMiK  of  tbalamua  ;  <m.  eentrt  mfrliaa  ;  P.  pulviiiar ;  M.  fawlculns  t«tT»- 
Bciiu  He^erti  id  cruse  iKi-ti<iii :  At',  punb^rior  commliwurr  ;  Z,  pineal  hiidj ; 
P,  pyramidal  trart ;  A,  Amulil'H  liuiidir  of  intcnul  iiipHUli;;  T,  Rnnauiy 
ivgian  of  internal  cap«iile;  a,  auililoir  cotidiirticin  patli :  ft<),  Gntjolrt'a 
radiatian  ("O^tic  radiaCimi  in  tlit'  wider  sense''  > ;  ■,  »>rtii'ufHiii»l  pntlia  of 
Gntiolet's  radiation  ;  |),  rortieuiivbil  paths  iif  Gratiolrt's  radiatitm.  projrc- 
tion  fibres  of  tbr  Ischial  geiiieulatt  hiidy;  Q,  anterior  transverse  tcinpural 
ntna  goinK  ciTcrinto  tlie  aiiperiiiT  tenipiinil  Ryms;  (i«,  grrus  MihantEufaris ; 
r/,  Hipeiior  ftiHital  Rynis;  fV/f.  inferior  fnmtalKyniH;  (Jf,  gyrus  fornieatus; 
SC,  suWalum  cornu  Anmniiiis;  H,  ixistirior  liom  of  lati™!  \Tiitrieli- ;  Op. 
operculum:  i^"  (dotted),  cross  wi-liciu  of  large  swuK'iatiDn  system  iH'lwren 
■oDunithetic  area  (eentnit  gyri)  anil  |Hist«'rior  large  awueiatioii  eeiitre  i  ./, 
cortex  of  island  of  Hell. 
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go  into  the  lower  part  of  the  optic  radiation  {1  + ),  the  exact 
dlBtribution  of  which  is  not  yet  certain. 

The  sensory  system  No.  II  begins  to  receive  its  myelin  about 
a  month  later  than  does  No.  I.  The  fibres  of  this  system  also 
pass  out  of  the  lateral  nucleus  of  the  thalamus,  but  more  dor- 
eally.  A  few  of  them  issue  from  the  centre  mfdian  of  Luys, 
Passing  upward,  they  are  distributed  in  part  to  the  central  gjTi, 
the  lobulus  paracentral  is,  and  to  the  foot  of  the  superior  frontal 
gyrus.  Another  portion  of  them,  after  bending  around  at  an 
acute  angle  and  passing  inward,  becomes  distributed  to  the 
gyrus  fomicatus  along  its  whole  length.  The  most  posterior 
bundles  (3',  Fig.  46R)  enter  into  the  cingulum  and  run  toward 
the  Ammon's  horn.  Still  later  another  bundle  belonging  to 
this  system  runs  from  the  lateral  nucleus  of  the  thalamus  basal- 
ward  and  enters  into  the  uncus,  and  arrives  from  in  front  and 
below  at  the  subiculum  cornu  Ammonis.  The  whole  of  the 
limbic  lobe  thus  comes  to  be  connected  witli  the  lateral  nucleus 
of  the  thalamus. 

The  sensory  system  No.  Ill,  the  last  to  become  medullated, 
is  also  connected  with  the  lateral  nucleus  of  the  thalamus, 
emerging  from  the  anterior  portion  of  it.  It  enters  the  internal 
capsule  in  about  its  middle  portion,  and  runs  in  part  directly 
to  the  foot  of  the  third  frontal  convolution,  another  part  curving 
markedly,  as  shown  in  the  diagram  (Fig.  46(),  3,  3'),  before  reach- 
ing the  cortex.  Bundles  of  the  latter  run  from  the  region  of 
the  pyramidal  tract  forward  into  the  fasciculus  subcallosus,  and 
descend  at  the  anterior  margin  of  the  corpus  striatum  to  the 
third  frontal  convolution  (3').  The  fibres  of  a  second  group 
pass  through  the  pars  frontalis  of  the  internal  capsule  into  the 
frontal  lobe  almost  as  far  as  the  pole,  and  then  bend  round  at 
an  acute  angle,  part  of  the  fibres  reaching  the  middle  portion 
of  the  gyrus  fornicatus  (3),  another  part  the  anterior  half  of 
the  superior  frontal  gyrus,  while  single  fibres  go  to  the  foot  of 
the  middle  frontal  gyrus. 

It  is  of  the  highest  importance,  in  order  that  the  results  of 
those  researches  of  Flechsig  and  those  of  the  study  of  secondary 
degenerations  may  be  satisfactorily  interpreted,  that  studies  by 
(iolgi's  method  he  undertaken.  It  is  to  be  hoped  that  in  this 
way  a  more  exact  analysts  of  the  paths  under  consideration  may 
be  made,  so  that  ultimately  we  shall  be  able  to  state  positively 
the  exact  position  of  the  cell  bodies  and  axones  of  the  neurones 
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belonging  to  the  different  portions  of  the  complex  series  of 
neurone  systems  which  mediate  the  centripetal  conduction 
from  the  sensory  surfaces  of  the  body  toward  the  somsesthetic 
area  of  the  cerebral  cortex. 

Let  us  now  summarize  briefly  the  contents  of  the  chapters 
immediately  preceding,  bearing  on  the  somaesthetic  conduction 
path.  We  have  seen  that  it  consists  of  peripheral  centripetal 
neurones  (centripetal  neurones  of  the  first  order  of  the  spinal 
and  cerebral  nerves)  and  central  centripetal  neurones  (cen- 
tripetal neurones  of  the  second  order,  and  of  higher  orders). 

The  cell  bodies  and  peripheral  processes  of  the  peripheral 
centripetal  neurones  are  situated  outside  the  central  nervous 
system,  while  the  axones  plunge  into  the  nerve  centres  and  ter- 
minate in  the  nuclei  terminales  of  the  sensory  nerves.  In  these 
nuclei  terminales  are  situated  the  perikaryons  and  dendrites  of 
the  lowermost  central  centripetal  neurones,  and  their  axones 
carry  the  impulses  on  to  higher  centres.  Possibly  a  few  axones 
of  these  lowest  central  centripetal  neurones  go  as  far  as  the 
somaesthetic  area  of  the  cortex,  but  as  a  rule,  however,  they  ter- 
minate in  some  gray  mass  on  the  way  (mainly  the  thalamus), 
there  coming  into  conduction  relation  with  central  neurones  of 
a  still  higher  order,  whose  axones  carry  the  impulses  out  to  the 
somaesthetic  area  of  the  cortex.  The  simplest  somaesthetic  con- 
duction path  then  would  consist  of  at  least  two  superimposed 
neurone  systems — one  peripheral  centripetal  neurone  and  one 
central  centripetal  neurone.  In  all  probability  the  main  som- 
aesthetic conduction  path,  however,  consists  of  three  sets  of 
superimposed  neurone  systems — one  peripheral  centripetal  neu- 
rone, one  lower  central  centripetal  neurone,  and  a  third  higher 
central  centripetal  neurone.  In  addition,  in  the  possible  som- 
aesthetic conduction  paths  there  are  much  more  complex  super- 
impositions  in  the  domain  of  the  central  neurones,  so  that  from 
the  periphery  to  the  cortex  four,  five,  six,  ten,  or  perhaps  a 
great  number  of  neurone  systems  may  be  superimposed.  This 
is  especially  true  of  the  roundabout  somaesthetic  conduction 
paths  by  way  of  the  cerebellum. 

The  peripheral  centripetal  neurones  have  been  divided  into 
(1)  those  pertaining  to  the  spinal  cord  and  (2)  those  pertaining 
to  the  rhombencephalon.  The  central  axones  of  the  spinal 
peripheral  centripetal  neurones  end  in  their  nuclei  terminales 
in  the  spinal  cord,  medulla  oblongata,  and  cerebellum.     The 


740  THE  NERVOUS  SYSTEM. 

axones  of  the  central  centripetal  neurones  whose  perikaryons 
and  dendrites  correspond  to  the  nuclei  terminales  of  the  periph- 
eral spinal  centripetal  neurones  do  not  all  follow  the  same 
course ;  on  the  contrary,  they  assume  in  the  central  nervous 
system  very  different  ascending  paths,  and  have  at  times  entirely 
different  terminations ;  in  other  words,  at  the  junction  of  the 
peripheral  spinal  centripetal  neurones  with  the  neurone  systems 
of  the  second  order  there  occurs  a  marked  divergence  in  the 
somsBsthetic  conduction  paths.  Leaving  out  of  account  the 
terminals  of  axones  and  collaterals  which  reach  the  ventral 
horns  of  the  spinal  cord,  we  have  seen  that  many  axones  of 
spinal  centripetal  neurones  terminate  in  the  nucleus  dorsalis, 
in  the  dorsal  horn  and  middle  part  of  the  gray  matter  of  the 
spinal  cord,  in  the  nucleus  funiculi  gracilis,  and  the  nucleus 
funiculi  cuneati  of  the  medulla,  and  some  even  in  the  cere- 
bellum. The  axones  from  the  cells  in  the  nucleus  dorsalis 
ascend  in  the  fasciculus  spino-cerebellaris  dorso-lateralis  to  enter 
the  cerebellum  by  way  of  the  corpus  restiforme,  and  to  termi- 
nate in  the  cortex  of  the  worm,  giving  off  collaterals  to  the 
nucleus  dentatus  as  the  fibres  pass  by  it.  The  axones  of  the 
central  centripetal  neurones  and  perikaryons,  which  are  situated 
in  the  dorsal  horn  and  in  the  middle  part  of  the  gray  matter 
II  of  the  cord,  ascend  partly  in  the  white  matter  of  the  same 

side  and  partly  in  the  white  matter  of  the  opposite  side  in 
the  fasciculus  ventro-lateralis  superficialis  Gowersi  and  in  the 
fasciculus  ventralis  et  lateralis  proprius.  These  axones  have 
various  terminations :  some,  as  we  have  seen,  run  in  Gowers' 
tract  to  the  upper  part  of  the  pons  and  then  turn  back  along- 
side of  the  brachium  conjunctivum  into  the  cerebellum  to  end 
in  the  worm,  others  turn  into  the  cerebellum  through  the  corpus 
restiforme,  still  others  terminate  in  the  colliculi  of  the  corpora 
quadrigemina,  others  in  the  substantia  nigra,  others  in  the 
thalamus,  and,  finally,  some  in  the  nucleus  lentiformis.  The 
fibres  of  the  fasciculus  lateralis  proprius  terminate  in  part  in 
the  nuclei  laterales  of  the  medulla,  in  part  in  the  formatio 
reticularis  grisea.  Some  of  these  axones  are  quite  long,  others 
are  very  short.  The  axones  of  the  fasciculus  ventralis  proprius 
in  large  part  enter  the  fasciculus  longitudinalis  medialis,  and 
come  into  relation  with  the  motor  and  sensory  nuclei  and  great 
reflex  centres  of  the  medulla  oblongata. 

The   axones   from  the   nucleus  funiculi  gracilis  and  from 
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the  nucleus  funiculi  cuneati,  as  we  have  seen,  correspond  to  at 
least  four  neurone  systems  of  the  second  order,  two  of  them 
going  to  the  cerebellum  (1,  systenia  myelencephalo-cerehellare 
cruciatum  ;  2,  sy sterna  myelencephalo<erebellare  non^ruciatuin)^ 
two  of  them  going  directly  to  the  cerebrum.  Of  the  latter,  one 
set  of  axones — the  main  set — end  in  the  ventro-lateral  group 
of  nuclei  of  the  thalamus  {l^systenui  lemniscale  myelence2)halO' 
thalamicum).  The  axones  of  the  other  set  go  all  the  way  out 
to  the  cortex  of  the  pallium,  to  terminate,  according  to  Tscher- 
mak,  in  the  gray  matter  of  the  somaesthetic  area  (2,  systenia 
Umniscale  niyelencephalo-pallialuin).  On  their  way  these  axones 
to  the  cerebrum  give  off  collaterals  to  the  nucleus  olivaris  in- 
ferior, and  to  the  motor  and  reflex  nuclei  of  the  medulla  ob- 
longata, pons,  and  midbrain.  A  part  of  the  axones  undergo  a 
high  crossing  in  the  commissura  superior  of  Meynert,  in  order 
to  enter  the  nucleus  lentiformis  of  the  opposite  side. 

Of  the  axones  which  pass  into  the  cerebellum,  we  have  to 
consider  (1)  those  which  go  directly  from  the  spinal  cord  to  the 
cerebellum,  and  (2)  those  which  go  from  the  nuclei  of  the  me- 
dulla into  the  cerebellum.  Among  the  latter  may  be  classed 
certain  axones  from  the  nuclei  of  the  dorsal  funiculi,  the  nuclei 
funiculi  lateralis,  and  the  nucleus  olivaris  inferior.  The  axones 
on  entering  the  cerebellum  terminate  in  the  cortex  of  that  organ, 
and  also  come  into  manifold  relation  by  means  of  collaterals 
with  the  nucleus  dentatus  and  adjacent  gray  masses,  probably 
of  both  sides.  The  fibres  from  the  nucleus  olivaris  inferior 
to  the  cerebellum  form  the  so-called  fibrae  olivo-corebellares. 
From  the  regions  of  the  cerebellum,  in  turn,  in  which  the  fibres 
mentioned  terminate,  there  proceed  axones  of  neurone  systems 
of  a  higher  order  which  extend  cerebralward — namely,  those  of 
the  brachium  conjunctivum,  most  of  which  terminate  in  the 
nucleus  ruber  of  the  opposite  side,  some  beyond  this  nucleus, 
some,  however,  going  to  the  thalamus  of  the  same  side.  From 
the  nucleus  ruber  of  each  side  there  go  out  axones  of  neurone 
svstems  which  extend  in  the  main  to  the  nucleus  lentiformis 
and  to  the  somaesthetic  area  of  the  cortex.  These  make  up  in 
large  part  the  "  radiations  of  the  nucleus  ruber." 

From  the  ventro-lateral  region  of  the  thalamus,  in  which  so 
many  axones  of  the  central  neurones  of  the  som {esthetic  con- 
duction path  terminate,  there  extend  neurone  systems  to  the 
somaesthetic  area  of  the  cortex — systems  which  can  be  subdi- 
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vided  into  three  great  groups,  according  to  their  period  of  mye- 

lini^ation.    (Syetem  Xo.  I,  System  No.  II,  and  System  No.  III.) 

The  peripheral  neuronea  pertaining  to  the  rhorabencepha^ 
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Ion  concomed  in  the  conduction  of  bodily  impulses  end  in  the 
nuclei  terminales  of  the  sensory  cerebral  nerves.  The  axones, 
as  we  have  seen,  correspond  to  those  of  the  N.  vagus,  N.  glosso- 
pharjmgeus,  X.  vestibuli,  and  N.  trigemini.  The  axones  of  the 
central  neurones,  which  belong  here,  enter  partly  the  lemniscus 
medialis  and  partly  the  fasciculus  longitudinalis  medialis — that 
is  to  say,  they  run  in  company  with  the  principal  bundles  of 
the  centripetal  axones  of  the  spinal  somaBsthetic  conduction 
path.  For  certain  of  the  cerebral  sensory  nerves,  however, 
there  are  especial  central  bundles  in  the  formatio  reticularis 
that  have  been  pointed  out  in  their  appropriate  connection. 
(Cf.  central  paths  for  the  N.  vagus,  N.  glossopharjmgeus,  N. 
intermedins,  N.  vestibuli,  and  N.  trigeminus.)  It  is  not  impos- 
sible that  some  of  the  cerebral  nerves  also  make  roundabout 
conduction  paths  by  way  of  the  cerebellum  and  brachium  con- 
junctivum.  From  the  cerebral  peduncle  on,  it  has  not  been 
possible  thus  far  to  distinguish  the  central  paths  of  the  cerebral 
nerves  from  those  which  correspond  to  the  spinal  nerves. 

These  manifold  distributions  of  central  axones  and  collater- 
als in  the  spinal  cord  and  rhombencephalon  render  possible  the 
enormous  number  of  conduction  relations  necessary  for  the 
construction  of  the  reflex  and  instinctive  mechanisms  which 
are  associated  with  bodily  centripetal  impulses.  The  axones 
which  reach  the  so-called  somaesthetic  area  of  the  pallium  are 
in  turn  able  to  affect  association  neurones  which  combine  the 
activities  of  the  somaesthetic  area  with  those  of  the  other  sen- 
sory areas  of  the  cortex.  In  the  somaesthetic  area  are  situated 
also  the  perikaryons,  dendrites  of  the  motor  neurones,  the  ax- 
ones of  which  extend  from  the  pallium  to  the  groups  of  peri- 
karyons belonging  to  the  lower  motor  neurones  (motor  nuclei 
of  the  midbrain,  pons,  medulla  oblongata,  and  spinal  cord). 
It  is  thus  obvious  that  the  motor  conduction  paths  can  be 
affected  in  different  parts  of  their  course  by  way  of  the  various 
sets  of  superimposed  neurone  systems  of  the  somaesthetic  con- 
duction path.  The  lower  motor  neurones  are,  by  means  of  col- 
laterals at  least,  in  direct  conduction  relation  with  the  periph- 
eral centripetal  neurones ;  the  sensory  neurones  of  the  second 
order  come,  by  means  chiefly  of  collaterals,  into  conduction 
relation  with  the  large  nerve  cells  of  the  formatio  reticularis, 
the  axones  of  which  in  turn  can  affect  the  lower  motor  neurones, 
while  the  higher  central  centripetal  somsesthetic  neurones  can 
49 
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directly,  in  all  probability,  affect  through  the  conduction  rela- 
tions which  are  established  in  the  somaesthetic  area  the  neurones 
whose  axones  form  the  pyramidal  tract.  Finally,  it  seems  likely 
that  from  the  association  centres  of  the  cerebral  cortex  which 
are  on  the  one  hand  thrown  under  the  influence  of  the  somaes- 
thetic area  as  well  as  under  the  influence  of  the  other  sense 
areas  of  the  cortex,  paths  may  go  out  to  reach  the  motor  areas 
of  the  cortex  again,  and  thence  by  way  of  the  pyramidal  tract 
affect  the  groups  of  lower  motor  neurones.  When  one  regards 
the  possibilities  of  communication  between  sensory  neurones 
on  the  one  hand  and  motor  neurones  on  the  other  hand,  actually 
thus  far  established,  and  thinks  of  the  infinite  number  of  com- 
munications which  may  yet  be  demonstrated,  the  intimate  rela- 
tions of  these  sets  of  neurones  with  one  another  becomes  truly 
astounding. 

Particular  attention  is  directed  to  two  great  subdivisions  of 
the  somaesthetic  conduction  paths — .1,  the  paths  from  the  pe- 
riphery to  the  cortex  but  not  passing  through  the  cerebellum, 
and  B^  the  less  direct  paths  by  way  of  the  cerebellum  and  brach- 
ium  conjunctivum.  Here  anatomical  knowledge  is  vastly  in 
advance  of  physiological  research  and  of  clinical  application, 
but  we  may  hope  that  the  near  future  has  much  to  reveal  con- 
cerning the  respective  functions  of  these  different  paths. 

A  scheme  illustrating  some  of  the  better  known  neurone 
systems  of  the  general  sensory  path  from  the  periphery  to  the 
cortex  is  given  in  Figs.  469,  470,  and  471. 


i 
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(B)  Central  Keurones  of  Sensory  Conduction  Paths  Corresponding 

to  the  Organs  of  Si>ecial  Sense. 

We  have  now  to  pass  on  to  the  neurones  of  the  second  order 
and  of  higher  orders  which  conduct  centripetally  in  connection 
with  the  paths  which  have  to  do  with  the  organs  of  special 
sense — namely,  tlie  sense  of  taste,  the  sense  of  smell,  the  sense 
of  sight,  and  the  sense  of  hearing.  Although  on  superficial 
examination  these  paths  are  very  different  from  those  conduct- 
ing to  the  somjesthetic  region  of  the  cortex,  we  shall  find  on 
closer  examination  many  analogies. 


CHAPTER  LII. 

CEXTRAL   NEURONES   OF  THE   GUSTATORY    AND   OLFACTORY 

CONDUCTION    PATHS. 

Central  gustatory  neurones — Central  olfactory  neurones — Structure  of  rhin- 
encephalon — Studies  of  Sir  William  Turner — Studies  of  W.  His — 
Studies  of  Rctzius — Bulbus  olfactorius — Tractus  olfactorius — Stri«e 
olfactoriae — Commissiira  anterior  cerebri — Olfactory  terminals  in  the 
frontal  and  temporal  lobes — Olfactory  association  and  reflex  paths. 

1.  Central  Neurones  of  the  Gustatory  Conduction  Path. 

Our  knowledge  of  these  paths  is  incomplete  and  extremely 
unsatisfactory.  Turner,*  in  reviewing  the  subject,  finds  dis- 
agreement among  investigators  as  to  the  peripheral  gustatory 
neurones  and  almost  complete  ignorance  as  regards  the  central 
gustatory  neurones.  For  the  pathology  of  taste  sensations  the 
excellent  epitome  of  Frankl-Hochwart  f  is  recommended.  The 
diagrams  on  page  538  may  also  be  referred  to. 


♦  Turner,  W.  A.    Note  on  the  Course  of  the  Fibres  of  Taste.    Edinb.  M.  J., 
vol.  1,  n.  s.  (1897),  p.  74. 

f  Article  in  Nothnagel's  Spez.  Path.  u.  Therap.,  Abth.  iv,  Theil  ii,  Bd.  xi» 
Wien,  1897. 
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2,  CentrtJ.  Neurones  of  the  OUkctorj'  Conduction  Fmth, 

Inasmuch  as  the  olfactory  conduction  path  is  the  first  path 
in  the  forebrain  connected  with  the  special  sense  organs  to 
become  meduUated  in  the  developing  human  foetus,  it  may 
appropriately  be  first  considered.  We  have  already  seen  how 
the  axones  of  the  peripheral  olfactory  neurones  terminate  within 
the  olfactory  glomeruli  of  the  olfactory  bulb.  It  is  now  neces- 
sary to  examine  the  neurones  and  their  various  processes  by 
means  of  which  these  impulses,  arriving  in  the  olfactory  bulb, 
.  are  carried  to  higher  parts  of  the  central  nervous  system. 
Before  proceeding  to  this  description,  however,  it  may  be  help- 
ful to  refer  briefly  to  the  general  structure  of  the  olfactory 
portion  of  the  brain. 

The  more  interesting  of  the  earlier  studies  upon  the  central 

olfactory  stations  were  made  by  Broca,*  Schwalbe,f  and  Zuck- 

erkandl.J     An  important  advance  was  made  when  Sir  William 

Turner  *  grouped  the  regions  especially  connected  with   the 

^,|  sense  of  smell  under  the  term  rhinencephalon,  thus  distinguish- 

.  ing  them  sharply  from  the  rest  of  the  forebrain  (the  pallium), 
a  distinction  which  has  been  proved  by  His  |  to  be  embryologi- 
cally  well  founded,  and  by  Edinger  to  agree  with  phylogenetic 
development. 

The  size  of  the  rhinencephalon  varies  enormously  in  different 

•  Broca,  P.  Localisations  cerebrales ;  recherches  sur  les  centres  olfactiiis;. 
Rev.  d'anthrop.,  Par.,  2.  s.,  t.  ii  (1879),  pp.  385-455. 

f  Schwalbe,  G.     Iiehrbuch  der  Xeurologie,  8vo.  Eriangen  (1881). 

X  Zuckerkandl,  E.  Das  periphere  Geruchsorgan  der  Sfiugethiere,  8vo, 
Stuttgart  (1887). — Das  RiechbQndel  des  Ammonshornes.  Anat.  Adz.,  Jena, 
Bd.  iii  (1888),  S.  425-434. 

•  Cf.  Turner,  Sir  W.  The  Convolutions  of  the  Human  Cerebrum  Topo- 
graphically Considered.  Edinb.  M.  J.,  vol.  xi  (1865-'66).  pp.  1105-1122,  and 
especially.  The  Convohitions  of  the  Brain ;  A  Study  in  ComparatiTe  Anai^ 

^     omy.    J.  Anat.  and  Physiol.,  Ixjnd.,  vol.  xxv  (1890-'91),  pp.  105-153. 

I  His,  W.     Die  Formentwickelung  des  mensch lichen  Vorderhirns  Tom 
c  Ende  des  ersten  bis  zum  Beginn  des  dritten  Monats.     AbhandL  d.  math.- 

•  phys.  CI.  d.  k.  Sachs.  Gesellsch.  d.  Wissensch..  I^eipz.,  Bd.  xv  (1889),  S.  IJ78- 

736. — Zur  allgeineinen  Morphologic  des  Gchirns.  Arch.  f.  Anat.  und 
Physiol.,  Anat.  Abth.,  Leipz.  (1892),  S.  346-38:1— Ueber  die  Entwickelung 
des  Riechlappens.  Verhandl.  d.  Anat.  Ges.  (1893).  In  this  connection  see 
also  Minot,  C.  S.  The  Olfactory  I>obes.  Rejwrt  of  the  Sixty-sixth  Meetinf^ 
of  the  British  Association  for  the  Advancement  of  Science  at  Liverpool  in 
1896,  p.  836. 
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animals,  corresponding  to  the  marked  differences  which  they 
exhibit  as  regards  the  olfactory  sense.  Animals  were  divided 
by  Broca  into  an  anosinatic  and  an  osmatic  class.  The  latter 
group  was  further  subdivided  by  Sir  William  Turner  into 
microsmatic  and  macrosmatic  animals.  The  rhinencephalon  in 
microsmatic  animals  is  relatively  feebly  developed,  and  to  this 
group  human  beings  belong.  The  general  relations  of  the 
rhinencephalon  are  accordingly  much  more  easily  studied  in 
lower  animals  than  in  man,  and,  as  a  matter  of  fact,  for  a  long 
time  the  nature  of  certain  portions  of  the  human  brain  now 
recognized  as  remnants  of  the  olfactory  brain  was  not  at  all 
understood.  In  order  to  gain  a  clear  conception  of  the  relations 
of  the  various  parts  of  the  rhinencephalon  to  one  another  and 
to  the  pallium  in  man  it  is  probably  best  to  study  the  develop- 
ment. 

His,  of  Leipzig,  has  shown  that  the  developing  olfactory 
brain  becomes  separated  at  the  beginning  of  the  second  month 
from  the  anterior  end  of  the  hemisphere  and  appears  as  a  pro- 
jection near  the  lamina  terminalis.  Between  the  pallium  and 
the  rhinencephalum  there  is  a  distinct  furrow  which  Sir  William 
Turner  has  designated  the  fissura  rhinica.  At  a  very  early 
period  the  rhinencephalon  thus  marked  off  is  subdivided  by  an 
indentation  (the  fissura  prima,  which  is  especially  marked  on 
its  medial  surface)  into  an  anterior  half  (directed  more  dorsal- 
ward)  and  a  posterior  half.  The  anterior  half  or  anterior 
olfactory  lobe  is  in  contact  with  the  region  which  is  to  be- 
come later  the  frontal  lobe ;  the  posterior  half  or  posterior 
olfactory  lobe  is  in  contact  with  what  is  to  be  later  the  tem- 
poral lobe  (Fig.  472).  Above  the  posterior  olfactory  lobe  the 
fossa  Sylvii  develops.  As  development  proceeds,  the  anterior 
olfactory  lobe  becomes  gradually  depressed  toward  the  base  of 
the  brain  by  the  growing  frontal  lobes  and  it  comes  finally  to 
occupy  a  plane  deeper  than  that  in  which  the  posterior  olfactory 
lobe  is  situated.  Each  of  the  two  olfactory  lobes  consists  of  a 
portion  directed  toward  the  base  and  of  a  portion  directed 
medialward.  From  the  basilar  portion  of  the  anterior  olfactory 
lobe  are  developed  the  bulbus  olf actorius,  the  tractus  olf actorius, 
and  the  trigonum  olfactoriuni,  all  of  which,  taken  together, 
make  up  what  is  known  as  the  "lobus  olfactorius"  of  the 
anatomists.  The  basilar  portion  of  the  posterior  olfactory  lobe 
corresponds  to  the   substantia    perforata    lateralis    which    is 
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definitely  characterized  by  its  position  at  the  entrance  to  the 
foBsa  Sylvii  and  by  its  connection  with  the  gyrus  hippocampi  of 
the  temporal  lobe.    It  becomes  in  later  development  overarched 


Fro.  4TS.— Hchcmc  Hhnwiiijc  the  ri'latiiiiiK  of  thv  niiti-riur  biiiI  iwtilrrjor  olbctoiy 
loK'K  tu  imc  HDcithiT  Biiil  l<>  thi'  liiUfi  <if  the  nnhnil  honiiiiphcn'  in  dlfli>n-nt 
BbMtiH  of  il<-v<'l<ipment.  (Alter  W.  His,  Dip  aiiutomiai-ht'  Numcnclatur,  etc, 
r>-i|iz.,  ime.  a,  ITT,  Fig.  -ii.i  r.»,  Mma  olrMctiiriiiH  anterior:  h.R.  lubua 
ulbi'torinH  poHtrriur:  F,  rrgiiin  of  lohim  frontHli)':  P.  rt'eion  iif  liibus  pari- 
rMlis:    n.  n'triim  i>f  U>bua  occipitHlin ;    T,   n-Kiun  of  lobiu  h'miiorBlu ;    fk. 


Becondarily  by  the  pole  of  the  temporal  lobe.  Medialward  the 
eubatantia  perforata  lateralie  is  continuous  with  the  gyrus  sub- 
callosus  (medial  portion  of  the  posterior  olfactory  lobe),  which 
in  the  adult  human  brain  is  a  Bomewhat  indetinite  structure, 
although  in  the  human  fcetus  it  is  a  very  well-marked  morpho- 
logical  entity.  The  gyrus  subeallosus  (pedunculus  corporis 
callosi)  is  in  front  separated  from  the  medial  portion  of  the 
anterior  olfactory  lobe  (area  parolfactoria  Brocie)  by  a  deep  in- 
dentation, the  soH^alled  aulcus  parol  fac  tori  us  posterior  (the 
fissura  prima  of  the  embryo).  The  furrow  which  separatee 
Broca's  field  from  the  beginning  of  the  gyrus  cinguU  and  which 
accordingly  is  situated  in  front  of  the  trigonum  olfactorium 
and  of  the  area  of  Broca  has  been  called  by  His  the  aulcns  par- 
olfactoriuB  anterior.  In  the  adult  the  junction  of  the  substantia 
perforata  lateralis  with  the  island  of  Reil  is  not  very  defipitely 
limited,  but  in  the  human  fcetus  at  about  the  fourth  month  this 
junction  is  sharply  marked  off  by  an  arched  ridge,*  which  con- 
•  Uroi's'a  k  bord  fateifome  du  lobe  liinbique,  Stiiwitlbp's  IiurlnchweUe. 
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nects  the  anterior  olfactory  lobe  with  the  temporal  lobe.  The 
region,  therefore,  known  as  the  Hmen  insula  in  the  adalt  is  to  be 
considered  as  a  part  of  the  rhinencophalon.  The  following  table 
shows  at  a  glance  the  various  parts  of  the  rhinencephalon  as 
described  by  His : 

Rhinenoepbalo.n 


Lobua  oKactoriua  anterior. . 


[jobus  olfftctorius  posterior. 


HiB. 

[  Bulbus  oltactoriuB. 

i  Trftotus  oKactorius. 

(  Trigonuin  olfactoriuin. 

I  Stria  medial  is. 

!  Area  parolfacM)ria(BrocK). 
Para  basilaris  =Sii1istaDtia  perforata  anterior. 
P»rs  meilialis  =  Gyms  subcallosusi. 


,  Pars  basilaris  . 


'  Para  media 


The  anterior  olfactory  lobe  is  connected  with  the  posterior 
by  means  of  the  stria  olfactoria  lateralis  and  the  limen  insulte. 

The  best  recent  microscopic  study  of  the  structures  belong- 
to  the  rhinencephalon  is  that  of  Retzius,  of  Stockholm.*  He 
calls  the  area  parolfactoria  of  Broca  the  gyrus  olfactorius  medi- 


Fio.  473.— Tlie  bawl  surbrp  of  a  human  firtus  aa.5  cm.  I 

muiilh  >  1<>  illuAtratc  ilcveliiiiiiitc   rhim-nii'|>bul<>n.    ( ... 

MpDH'-hi'nhini.  StiH-kholiii.  INM.  "nif.  xx.xu.  Fig.  3.  i  The  tnu'tug  olfiiitori 
are  di-i-<'li>i>iii|! :  Ibt  Kyri  nlfactorii  niptliHipH  nrc  itinlinillv  visibk' :  the  gyri 
niractoril  iHli-nilrM  run  InlcralwanI,  tuni  at  an  hiirIc.  hiiiI  gn  over  into  th<' 
gyri  irniiluiinnti  and  tlii'  xyn  anihicnlm.  The  l!wiutB  rbinica  M-pamtiutt  the 
rhincnci'pliBlriu  fnim  the  lolinn  tcuipuialiH  is  rtiatinelly  devcluiM-d  ;  lHi>jdi-a, 
line  CHti  we  the  trimijiulHr  area  tcrnilnalU  and  tlii-  fniinentia  rarcitlariit 
Bpread  out  witb  itM  lateral  wiTiic  in  lYunt  uf  tht  rnrpiim  mammitlaria.  the  lat- 
ter being  us  yel  hut  lltth;  develciM. 

alls,  while  he  designates  as  gyruB  olfactorins  lateralis  the  region 
corresponding  to  the  course  of  the  lateral  olfactory  atria  and 

•  RelziuB.  G.     I'fts  MenschenhJrn.     Stockholm,  18B6. 
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the  limen  inenle  (Figa.  473, 474,  and  475).  The  lateral  olf&ctor; 
gyruB,  directed  at  first  laterally  and  posteriorly,  makes  a  sharp 
turn  backward  at  the  angulus  lateralis  and  goes  over  into  the 
anterior  extremity  of  the  gyrus  hippocampi,  where  it  forms  two 
minute  convolutions  which  Retziua  calls  the  gyrus  semiluDaria 


FlO.  474.-nirt  «f  the  IhhiI  HiirTaiv  '.f  the  l>raiii  i.if  tli<'  lift  h.-mii.phun' >  .if  ■ 
nun  forty-three  yi-nw  iild,  w-i'ii  fnuii  hi'luw  anil  t'l  tin-  riicht.  'AfhT  O. 
Brtxilut.  Uhh  Mi'iiiH'liunhini,  SliK'kli.ihii.  IWW,  Tai.  xiiil,  Hti.  5. )  On  Iwikinn 
at  the  triKuniim  nlfoi-tiiriuni  ■iiic  mh'H  iIk'  twn  linilw  ninuiiiji  out  into  t)w 
grrUH  uHarturiun  niiilialUiindtlii-Kyn"' nlfix'torliiHlsteruliHaml  Iwhind  them 
ttap  Homuwhat  bulging  subHlanlui  iwrfimtH  unUTior.  on  thr  piwlrrior  hiiriler 
uf  wliirh  the  dinicnal  hand  of  HnicH  lawiiifi  hm^kwanl  ami  Uti'ralwanl  from 
till'  ftynm  BUbculhouB  in  dixtinctly  vi»ihh>.  In  the  bj-piib  bi'hind  the  wib- 
HlMiitia  perforata  anterior — J.  t,,  in  the  tt.VTU"  olfni-toriUH  hKemlis  whieh  In 
here  w|»riili-il  from  the  Kynin  tran»versuB  iiiKUln — iiiii  ln'  wen  the  whitr 
Htriu  olftu-loriH  latenili*  niiiiijns  iHtenilward  and  hai-kward  ah  far  an  the 
U-KiiininK  of  ttx' RyruH  hippiM'Smpi,  where  it  <lini[>|H'i(n>:  the  stria  olfat-turis 
inetlialiK  |iliinKe«  deep  into  the  Hiiliitlantia  piTforalu  anterior.  On  the  ^ma 
hipiHHsmpi  isii  W  n'e«iB[nia'<l  medial wanl  an  ova).  linir-moiin-Hhaped  hulfi- 
iiiK.  the  Ryru>'  Heniilniiariii.  wliicii  \a  H'|iBnili-d  by  the  xuleus  wmlannulat^ 
from  the  Ryrus  anibieiiH,  nion>  iatenittr  plaeiil. 

rhinencephali  and  the  gyrus  ambions  rhinencephali,  the  two 
being  separated  from  one  another  by  a  shallow  furrow — the  so- 
called  sulcus  semilunaris.  The  gyrus  amhiens  in  turn  is  sepa- 
rated from  the  rest  of  the  gyrus  hippocjimpi  by  what  Retiiius 
calls  the  sulcus  rhinencephali  inferior  {Figs.  47(i  and  477). 
Tliat  these  two  gyri  exist  in  the  region  of  tlie  uncus,  and  are 
oiisily  separable  from  it,  I  can  confirm  from  the  examination 
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of  a  number  of  liemiapheres  in  this  laboratory,  and  it  vouM 
seem  very  probable  that  the  temporal  olfactory  area,  described 


[O.  475.^ — Illustmtinii  or  pert  of  the  rhineDccphalun  or  a  mau  ri)rt?-tlin«  ycara 
old.  (Afttir  <}.  KeUiux.  Dm  MenMlienhirn.  Ktoc;kholiii,  1898,  Tuf.  iixii, 
Fig._  «■ )  The  tractUH  iilfHrturii.  with  Iliclr  BUmiunilinRH,  Hiid  tliu  Kyri  ulfai;- 
torii  medialtTi  ct  laleralia  Boi"K  backward  from  them,  arv  well  seen.  The 
(tyn  iil^torii  iHterslea  are  dixtinctly  sepnroblF  1111  eaeh  side  from  the  gyniH 
IreoHvctMiB  inBiihe.  Eiteh  lateral  olfoctory  gyrus  i^onaing  a  welUmarked 
stria  ol&rtoHa  latcnliH.  lu  this  inatanee  a  wvll-niHrked  Htria  inlennedia  in 
viuble  pluiiiting  iiit«  the  miich-hulRedBiibaluDliai>erforatHBiiterinr.  Tht<  twu 
olfactory  tmctit  dlGT^i  in  length  and  anteriorly  suiuid  out  into  the  liulbi 
ulfaeturii. 


Klo.  479.— Tha  lower  part  of  the  gyi 
from  the  right  cerebral  lienii«|iher<' 

gyrus  hi|ipueampi  beuds  around  the  anienur  exiremiiy  01  tnu  nssuni  iiippo- 
csTDpi  into  the  uneuH.  and  the  gyma  intralimbicua  KilH  like  a  eup  upon  tlie 
end  of  the  uneus;  the  border  of  the  latter  eiirmtpondN  to  the  liiutniK  Gia- 
comini ;  above  and  untrriorly  the  gyrus  iutraliiubieus  ix  continuous  with  the 
hilloekllke  gyrus  xeniilunaris  laf);  on  the  left  the  velum  terniiiiale  goi^s 
over  into  the  chorioidal  lajrer :  bene&th  this  the  fornix  and  llie  fa»'ia  den- 
tata.    lAftairQ.  Ketxius,  Das  MenMhenhim,  Stockholm,  1890.  pi.  1.  Fig.  3.) 

by  Flechsig  and  other  aDatomistB  ae  existing  in  the  uncus,  haa 
in  reality  much  less  to  do  with  the  uncus  itself  than  has  beon 
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thought,  and  really  concerns  these  two  small  gyri  which,  curi- 
ously  enough,  before  Retzius'a  description  appear  to  have  been 
entirely  overlooked. 


Fin.  477, — The  infcrliir  anterior  rxtn-niity  of  till'  icyruK  hip|HH-Hm|ii  rnim  lh« 
bTHin  III  a  fKly-niiir-yi'Br-oUl  woniaii.  wfii  fnmi  ubiivi'.  'AlXvr  (t.  Kptxiui. 
Dux  Mcnirhtnhlni.  Ktiwkholiii,  IHM.  "nif.  I,  Fgt.  33.)  Om-  itii«iiiz(ii  tlip 
trill n Kulii r  i-n-wi'iitic  Kyrus  KciuiluiuiriK  ml',  wliii'li  in  H-mnitcd  liy  a  c'lirvw) 
fiirniw :  the  KUlrti.i  wmMiiniilariH  (in  thi-  nmcavity  of  which  a  iiimIiiU-  is 
viiuhlci  fnim  thi'  gyniK  mnhii'iui  in)  Iviidlng  aniunit  thp  iinrmt.  Rchiiid  the 
ununs.  Hliarply  markfd  ntf.  in  the  limhiu  (liacomini.  vhirli  Kueniivi^r  iniflially 
BtKl  bcliind  into  thi'  pwittirior  limb  at  the  KrruK  wrailuiUTis  and  ix  wjiitati'd 
pu«t«riorly  by  n  Bhallciw  fumiw  IViim  tlii-  jcyrtiii  intralimhiilM.  Mrilial  fnmi 
thisayruAisHttiwhMniHirlionuf  thp  llnihTia.  uml  nii-dbil  fmni  tfaixBtiHin  ix 
iuliutt*-d  the  IhiucIIh  i>r  the  nIcxiiH  I'linrioidrUH  piTforatiil  by  vchh-Ih  ulong 
with  the vrliini.    By  DicHiwur lliiw  Ktmitunit  llii' I'nvlty uf  the coniu  inri-rius 


The  various  parts  of  the  rhinencephalon  described  by  Ret^ 
zins  are  here  presented  in  tabular  form  : 


Ci, 


1.  Bulbus  olfafloriua. 
3.  Tradue  olfacloriM. 

I'Stria  olfacloria  laterati 

3.  Trigoitiim 'ilfrKloriwm  (gjToa  luheria  |      oltat.-tOTiiis  InterHlia. 

oltactnrii) I  Stria  olfaFtoria  mediali 

'-otfsctoriiis  medialin. 

4.  Oyrus  olfnetoriat  mediali* 


to  (rrru 


5.  Oi/riu  olfticlorivi  lateraiia.  . 


Area  purntfactoria  BrocED. 
Pars  antcrior= Eberstall^r's  gyrus 
transveraiis  inauin'  and  the  limen 

Pare  posterior.  Extends  from  ui- 
j^iilus  lateralis  1^  anterior  el- 
tremity  of  gyrus  hipiKicatnpi 
ami  terminates  in  the  gyrus 
iipmiliinarif  rhineneephali  and 
the  gyrus  ambiciis. 


7.  Oyrns  diagoimlia  rhinencephali 
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"6.  Oyrws  perforatus  (seu  intermediua)  j  Anterior,  much   perforated,  part 

rhinencephali (      of  substantia  perforata  anterior. 

'  Posterior,  less  perforated,  part  of 
substantia  perforata  anterior. 
Corresponds  to  the  diagonal 
band  of  Broca,  which  extends 
from  the  gyrus  subcallosus  to 
anterior  end  of  gyrus  hippo- 
campi. 

8.  Other  portions  of  rhinencephcUon. 

(a)  Gyrus  hippocampi. 

(b)  Uncus. 

(c)  Chyrus  dentatus, 

(d)  Gyrus  intralimbicus,  • 

(e)  Gyrus  fasciolaris. 

(f)  Gyri  Andrea  Retzii, 

(g)  Indusium  griseum  (including  the  strife  longitudinalis  medialis  et 

lateralis), 
(h)  Gyri  suhcMosi. 

The  bulbus  olfactorius  (anterior  extremity  of  the  lobus 
olfactorius  anterior  of  His)  is  relatively  much  smaller  in  man 
than  it  is  in  animals  like  the  dog  or  the  rabbit.  In  the  embryo 
there  is  a  central  cavity  in  the  olfactory  bulb  continuous 
through  the  olfactory  lobe  with  the  anterior  horn  of  the  lateral 
ventricle,  but  in  the  adult  human  being  this  cavity  is  obliter- 
ated, though  its  site  is  evident  in  coronal  sections,  being  marked 
by  the  presence  of  a  central  gelatinous  substance. 

Since  the  rabbit's  olfactory  bulb  has  been  very  carefully 
studied,  this  will  be  described  first,  and  the  human  bulb  com- 
pared with  it. 

The  Main  Bulb  in  the  Rabbit.* — Von  Kollikerf  describes  the 
rabbit's  olfactory  bulb  as  being  made  up  of  the  following  layers : 

(1)  Layer  of  olfactory  nerve  fibres. 

(2)  Stratum  glomerulorum,  containing  the  glomeruli  olfac- 
torii. 

(3)  Stratum  griseum. 

(a)  Stratum   moleculare  sen  gclatinosum,  containing 
small  and  large  nerve  cells. 

(b)  Layer  of  mitral  cells. 


♦  The  rabbit,  mouse,  and  cat  possess,  in  addition  to  a  main  olfactory  bulb, 
an  accessory  bulb  which  lies  on  the  dorso-medial  surface  of  the  posterior  end 
of  the  main  bulb  (von  Gudden,  von  Kolliker). 

t  von  Kniliker.     Op.  cit.,  S.  693. 
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(4)  White  Bubetance,  or  granule  layer,  eontaining  medol- 
lated  nerve  fibres  and  large  numbers  of  minute  nerre 
cells,  the  so-call  "  olfactory  granules." 

These  layers  are  well  illustrated  in  Fig.  478,  taken  from  ron 
Kdlliker's  book. 


O.  4TB.— Fmubil  Hrctiiin  of  a  bulbuB  olfoctoriun  iif  a,  j-ouiik  isbbit;  Wejftert 
Btain.  I  After  A.  voii  Knllikcr,  Hamibuch  drr  (Jcwthelehif  des  MrnH-hpn.  Bd. 
ii.  I^ipz.,  ISM,  S.  eat.  KiR.  747.  i  (ii.  >.'<>iniui!«uml  tihn-s ;  Fa.  HIh  oirartnru 
(rfo.  Klomrruli  oiractiirii ;  jVZ.  mitral  «'!!»:  A'R  anviMOTybulbiiBulbrtorius  . 
fIr.gT,  Blmtum  granuloBUni ;  tVr.tn.  hlratutn  inolerulHiv' ;  Tr.o.l,  Ireflus  oirat- 
birius  lateraliH:  TV.o.ni,  travtuH  olractoriuK  medialts;   I'B,  vcntriculUK 


Inside  the  layer  of  granules  mixed  with  white  fibres  are 
accumulated  the  main  bundles  of  medullated  axones,  those  cor- 
responding  to  the  stria  olfactoria  lateralis  (Tr.  o.  1.,  Fig.  478) 
and  the  stria  olfactoria  medialis  (Tr.  o.  m.,  Fig.  478)  being  more 
superficially  situated  than  the  fibres  which  form  the  handle 
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(ea.  Fig.  47S)  which  goee  to  the  anterior  commissure.  The  ap- 
pearances of  the  human  olfactory  bulb  are  well  shown  in  fron- 
tal section  in  Fig.  479  and  in  horizontal  section  in  Fig.  480. 
The  nature  of  the  different  parts  are  sufficiently  well  indicated 
in  the  legends  accompanying  the  figures,  and  further  descrip- 
tion here  is  unnecessary. 

The  olfactory  glomeruli  receive,  besides  the  terminals  of  the 
aiones  of  the  olfactory  nerves,  extremely  numerous,  much 
branched  dendrites  from  the  mitral  cells  and  from  the  brush 


«i%.' ***■', 


.^* 


rrS,  vpDtral  while  la^er  cut  tmnaToraely ; 

cells  of  the  olfactory  bulb.  It  is  these  dendrites  of  the  mitral 
cells  (Fig.  481)  and  of  the  brush  cells  (Fig.  482)  which  take  up 
the  impulses  from  the  peripheral  olfactory  neurones  and  carry 
them  farther.  The  peripheral  sengory  neurones  do  not  come 
into  contact  directly  with  the  cell  bodies  of  the  mitral  celts,  but 
can  affect  these  and  their  axones  only  through  the  intermediation 
of  the  dendrites.  The  axonea  of  the  Xn.  olfactorii  are  easily  dis- 
tinguishable from  the  dendrites  of  the  mitral  cells  in  sections 
which  demonstrate  the  neurosomes,  since  the  latter  are  much 
more  numerous  in  the  axonee  than  in  the  dendrites  (Fig.  483). 
Theaxones  of  the  mitral  cells  and  of  the  brush  cells  are  medul- 
lated  and  run  backward  in  the  tractus  olfactorius  toward  the 
main  mass  of  the  brain.  Un  assuming  a  longitudinal  direction 
they  give  off  a  number  of  collaterals  to  the  stratum  moleculare. 
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These  fibres  can  be  divided  into  two  sets  in  the  olfactory  tract 
of  human  beings — a  superficial  set  consisting  of  the  fibres  which 


Flo.  4M0.— Horixontiil  iH>ctioD  through  the  bulhus  nod  lisctus  olfoctoriUB  of  man; 
Wi-JgirtHHtuin.  lAflvrA.  von  Kollikor.  Handbach  dtrKtwehclthiv.  Bd.  II, 
Lripz..  ISM,  S.  ess.  t'^K.  TSa.  t  Bo.  hulliuH  iilfiK'tciriufi;  S.  Mnirtun-  rrwm- 
biinR  weiilum;  Trj,.  tnu'tus  oiructoriuii ;  jrS.  islandH  \i(  gray  sabstanci; ; 
vB<cS,  aDti'iiur  bunilii.'  of  while  aubxlBiit-e. 

later  form  the  lateral  and  medial  olfactory  striie,  and  a  deep 
set  consisting  of  fibres  which  run  into  the  anterior  part  of  the 
anterior  commissure  of  the  cerebrum  (Fig.  484).  The  relations 
of  the  mitral  cells  and  brush  cells  to  the  individual  olfactory 
glomeruli  vary  in  different  animals.  Thus,  in  the  cat  and  rab- 
bit each  glomerulus  receives  only  one  dendrite  from  a  single 
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mitral  cell,  while  in  the  dog  one  glomeraluB  may  receive  den- 
drites from  »8  many  as  five  or  six  mitral  cells.  The  nature  of 
the  olfactory  granules  (Fig-  485)  is  as  yet  not  well  understood. 
The  fibres  destined  for  the  commissure  as  they  pass  back- 
ward occupy  the  dorsal  part  of  the  tract  and  gradually  collect 
into  a  bundle  which  is  round  in  cross  section  and  which  enters 
directly  into  the  anterior  commissure  forming  its  pars  ante- 
rior. The  fibres  of  the  stria  olfactoria  lateralis,  which  includes 
the   main   mass  of  olfactorj'  fibres  (Fig.  iSC),  pass  backward 


Fill.  4S1.— Mitral  relln  from  a  mouse  twpntj-fiiur  dnys  old.  Method  of  0.)lgi. 
(AftiTA.  vun  Kullikcr,  Ilandhiii-h  di-r  (ii-wt-Mchrc,  lid.  ii.  Li'ipz.,  ISM,  ^. 
7tM.  Fig.  786.)  i»,  d,'i»lritc»  of  mitral  ,vlU  vrhlcli  fonu  a  hi]ri».iit«l  luyer: 
M,  divp  Mitral  coIIh  ;  M\  Hiipurficiul  mitral  t.'<.'llii ;  n,  sxuik-h  ;  Rp.  olfai'tnty 

and  outward  first  on  the  lateral  side  of  the  substantia  per- 
forata anterior,  and  then  backward  and  medialward  (cor- 
responding to  the  posterior  part  of  the  gyrus  olfactorius  lat- 
eralis), to  terminate  apparently  exclusively  in  the  molecular 
layer,  mainly  in  the  cortex  of  the  uncus  (Flecheig's  iempnrale 
Riech»phare).  According  to  Flechsig,  the  portion  of  the  uncus 
in  which  the  olfactory  fibres  terminate  has  u  peculiar  structure 
in  that  just  beneath  the  uppermost  layer  (poor  in  colls)  there 
exists  a  layer  of  "granules"  (Kiiruer)  which  agrees  entirely  in 
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structure  with  the  nuclear  layer  of  Ammon'a  horn,  and  indeed 
IB  continuous  with  it.     As  above  mentioned,  wo  may  have  to 


vcnty-rourdftpiold.  Method  of  Oolsi. 
(AfhT  A.  vim  Killliker,  Haudbuch  <k't  Oi'wcbrlchrc  Bd.  ii,  I^pi.,  1808,  R 
7tn.  tig.  758.)  r.  c.>lliiU'ni1i>:  til.  glmneiMli ;  if.  mitral  ivlU:  Jf'.  niperikiAl 
lane  bruHh  cell :  JU',  small  bnidh  I'l-ll ;  Kp.  oiriu'tory  bnuh  :  n,  mime. 

deal  here  with  the  gyrus  semilunaris  and  the  gyrus  ambiens 
rather  than  with  the  uncus  proper.  On  their  way  to  the  uncaB 
the  olfactory  fibres  give  ofl  large  numbers  of  collaterals  to  the 
donble  pyramidal  cells  which  are  situated  in  the  adjacent  gray 
matter  of  the  rhinencephalon,  each  fibre  thus  entering  into 
relations  with  a  cerebral  zone  of  considerable  extent. 

Of  tho  fibres  which  run  toward  the  stria  medialis  many  ter- 
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minate  in  the  gray  matter  of  the  trigonum  olfactorium  (Cal- 
leja).*  In  the  gray  matter  of  this  region  the  cerebral  Btruc- 
ture  is  much  modified ;  here  are  situated  the  curious  "  olfactory 
islands"  which  were  seen  by  Ganser  but  were  first  carefnlly 
described  by  Calleja  {iglotes  olfativon)  (Fig.  487).  Each  island, 
consisting  of  a  mass  of  pyramidal  cells  (closely  crowded  to- 


Fin.  483. — A  |luinenilDs«llach>riiia  from  a  fuuDg  cat;  methnd  of  Qolgl.  lAfl^r 
A.  Ton  Kolliker,  Hftudhuch  rier  (Ji'wi'belelin-  dm  Momvlicu.  Bil.  ii.  I^eipi.. 
isee.  S.  701,  Fig.  IM).  Fb.  nia  iilfHCtoriu  bnuking  up  inln  Ivnninal  hmncbeH 
inxidt^  tho  glomenilUB;  re,  iiipillHi?  blund-vetncls. 

gether  and  distorted  in  shape), receives  a  large  number  of  fibres 
vhich  break  up  into  an  extremely  rich  end-plexus  among  the 

•  Crileja,  C.     1m  llegion  ..Itatorift  Jel  cerebro.     Ma.lrid.  IHm. 
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cells  (Fig.  488).  Some  fibres  from  the  medial  olfactory  atria 
reach  the  gyrus  subcallosus  and  the  basal  beginning  piece  of 
the  gyrus  fornicatus  which  possesses  a  special  structure  charsc- 
terized  by  the  preacnce  ot  only  one  ganglion  cell  layer  (mostly 
spindle  cells).  Others  positively  reach  the  septum  pellucidum 
and  go  by  way  of  the  fornix  to  Ammon's  horn.     The  majority 


Flfi.  4<(4.— Riilhiispt  I  bosnlGirtunaHnfft  rahb 
nluiii.    (.\rh-TA  T  HI  k  II  kvr  Han  h     hi 
007,  PiK.  -mo       Bo  hnlhuN  olb  t  nu         a 
filtt  olfact«ria        B  g       prul     Ifn      n      / 
inyir;   MZ,        ml  nlln     \       a   cuh   iiu  In 
■■^p.  soptuni  i«    u    I    u     St    jj     ti  ra  UD   HI 


II*  on :  Weim-rt'* 

be   hie  Ihi.  ij.  1896.  S. 

antPTinr  (Tetvbri ;  Fa, 

tuiius    Jf.  moteeulur 

luhcteD  ia  alb*  acpli : 

TV  o    rnctiu  nlfae- 

nus  or  the  UU-nl 


of  the  lihres  of  the  stria  medialis  are  connected  with  the  area 
parolfactoria  of  Itroca.     Thence,  by  means  of  neurones  of   a 
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FlO.  *8B.— Three  olfactory  Rianuli*  from  H  cat ;  mi-thiHl  of  (i.ilni.  The  cuiitoure 
of  twci  jrlameruli  ami  iif  w.-vi-ntl  lurRt'  niitni]  ci-IIh  ure  indicutul.  I  After  A. 
von  Kolliker.  Ennilbuch  di-r  (lBw<>bi'lflin>.  Bel.  ii,  Ix^ipi.,  IWa.  S.  713.  Fig. 
7fl2.) 
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higher  order,  connections  with  the  indueeum  griseHm,  stri« 
Lancisi,  etc.,  are  probiibly  formed. 

The  fibres  of  the  anterior  commisaure,  much  loss  developed 
in  mnn  than  in  many  aniniiils,  enter  the  head  of  the  nucleus 
caudatiis,  breaking  up  into  two  groups,  iin  anterior  set  of  fibres 
running  to  tlie  olfactory  bulb  of  the  opposite  side,  the  posto- 
rior,  more  numerous,  ruuning  to  terminate  in  the  gyrmi  hippo- 
campi (Edinger). 

It  is  evident,  therefore,  that  the  axones  of  the  mitral  cells 
and  of  the  brush  I'ells  (olfactory  sensory  neurones  of  the  sec- 
ond order),  aa  regards  their  terminals,  are  widely  distributed. 
They  end  in  different  parts  of  the  rhinemephalon  of  the  same 
side,  and  by  means  of  the  anterior  commiKsiire  in  the  rhinen- 
cephalon  of  the  opposite  side.  Further,  the  various  parts  of  the 
rhinencephalou  are  connected  manifoldly  with   one   another. 


(After  A.  von 

.       ,  ,.  -^      ---■-.- -.■-■■ .^.  728.  Fig.  Tm.t 

eolumiiu  fiirniiU;  Ci.  iiipsulii  iiih-nia;  ,Vf.  nucli-un  oiuiliitUB i  M,  naclmu 
li'ntirr)miii< ;  I"*,  rdniiiiissiira  hipp.Htiinipi :  .-ip.  fihn*  fVijni  wptum  pFllaridniD  ■ 
Sri.  Btria  IfrniiiinlU ;  ■■arC.  p.irti..n  itf  Htria  whiili  /t"-^  to  ftg:  .Vfrf*.  portion 
of  atria  to  aiili-ri'ir  irmmiissiin. :  Trol.  trailiiH  nibrtoriiu  latemliB  :  IT.  vm- 
trit-ulUH  lutrniljn. 

and  with  other  parts  of  the  brain.     When  the  neurones  in  the 
gray  masses  in  the  tractus  olfactorius,  the  trigonum  olfaetorinm. 
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the  area  psrolfactoria  (Krocse),  the  substantia  perforata  ante- 
riur,  the  gyrus  olfactoriue  lateralis,  etc.,  are  considered  in  all 


Fio.  487. — Islandg  of  pyramidal  nellgin  the  tnbercnlum  olbctnrlum  or  the  mhbit; 
method  of  Qolgi.  (After  <;.  (hlkja,  I.H  rcKioii  oiratiiriit  del  ci'rcbru.  Madrid, 
1BB3,  p.  IB,  Fig.  0.)  A.  oitcmal  niolecubir  layer;  B,  JslandH  nt  prrBiatdHl 
relU ;  D,  ncrre  flbrpa  niiiiiinR  in  to  i-nil  in  thi^w  iiilHiida ;  a,  fuufonn  ct'U 
with  awcnding  sxnne  ;  j>.  rusifimn  rt'll  with  dt'Hci'ndiiig  Hiniif  ;  e,  aiuiies  of 
rarioua  wlU ;  e,  fusifunu  c;('IU  of  inolecular  layer. 

parts  of  which  axones  of  neurones  of  the  second  order  appear 
to  terminate,  the  enormouB  number  of  olfactory  neurones  of 
the  third  and  of  higher  orders  may  be  vaguely  appreciated. 

Some  interesting  connections  of  tliese  portions  of  the  rhi- 
nencephalon  with  other  parts  of  the  brain  have  already  been 
made  out,  though  we  are  far  from  the  posseBsion  of  any  ade- 
quate or  exhaustive  knowledge  of  all  the  relations  which  exist. 

Thus  there  are  manifold  connections  between  the  uncus  (or 
perhaps  the  gyrus  semiannularis  and  gyrns  ambiens,  vide  supra) 
and  the  hippocampus  {coniu  ammoiiis)  (infra,  Fig.  489).  The 
nucleus  amygdalEe  doubtless  receives  similar  fibres.  While  there 
is  no  doubt  about  theintimateunionof  the  hippocampus  with  the 
olfactory  paths,  there  is  stilt  dispute  as  to  whether  the  former 
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belongs  to  the  rhmencephalon  in  the  strict  sense,  or  whether, 
as  many  think,  it  represents  a  portion  of  the  pallium.     The 


Fio.  488.— OinMif(kIl<3»'s  Wnndfi  in  thuolfcptorytiibcnli' of  the  rabbit.  (Aft^r 
C.  (Ulli'ja.  \m  TViiiun  olCibiriu  ili'l  i'on.>br».  Mwlrid.  1803.  p.  15.  Fir.  3. )  A. 
uutliTulnr  layiT :  B,  lnypr  i>f  iiyniniliUI  collii ;  (',  Inyrr  nf  pulymorpl'iUls  ti'll* ; 
a,  wll  witli  lUKi-niiliijt  »>i"'  pylindcr;  b,  Urm'  wmilunsr  ™ll ;  e.  variunii 
sionc^ ;  il,  rf  11  with  drwi-niliiiH  anlx  cyHudtr :  r.  Axunv  which  flnil  awvnda 
»uA  IhUt  ilcau'nilti :  /.  fiiHiriinu  Full  of  tlie  d«'p  layi'r ;  if,  largv  8U;ll»te  coll 
witli  drwcndinK  muiii'. 

general  relations  are  well  shown  in  the  accompanying  diagram 
taken  from  Edinger'a  text^book  (Fig.  480).  The  hippocampus 
of  one  side  is  connected  with  that  of  the  other  by  means  of  the 
commissuni  hippocampi.* 

The  hippocampus  makes  important  connections  by  way  of 
tht  fornix  with  («)  the  corpora  mammillaria;  (b)  the  nncleoB 
habcnul»' ;  iind  (r)  the  septum  pellucidum  and  lobns  olfactorios. 

(ad  a)  The  nxones  going  to  the  corpora  mammillaria  pass 
through  the  whole  length  of  the  fornix  (corpus  fomicis)  after 
arriving  in  it  from  the  pyramidal  cells  of  the  hippocampus  by 
way  of  the  fimbria  hippocampi,!  th^  snbiculum  coma  ammonis, 
and  the  alveus.    In  the  eolumna  fomicis  the  fibres  are  arranged 


•  (tfleii  spoken  of  as  (ho  psftlterium  or  Ijra. 

f  The  fimbria  hippocampi  is  sometinies  R|>oken  of  u  the  limbuaoomD 
"")n  KOUiker  calU  it  the  foniii  inferior. 
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in  sereml  bundles  which  can  be  easily  followed  to  the  corpus 
mammillare.  Here  a  part  of  the  axones  end  by  ramifying  in 
among  the  dendrites  and  cell  bodies  situated  in  the  nucleus 
medialls  corporis  mammillaris.  A  large  part  of  the  fibres,  how- 
ever, form  a  knee  in  the  corpus  mammillare,  and  then,  appar- 
ently, cross  over  to  the  opposite  side,  on  the  dorsal  and  posterior 
aspects  of  the  corpora  mammillaria  (Oanzer).  The  further  fate 
of  the  crossed  fibres  is  still  not  satisfactorily  settled.  According 
to  Ganser  they  appear  to  go  farther  caudalward,  in  the  teg- 


2Se,  Pig.  154.)     Plexus  cl 


ind  the  hippocampus  lying  be- 
r  Cfn trail irgano.  V.  Aufl.,  I-cipi.,  1898,  8. 
-iuideUH  msile  Himplcr  than  the  autual. 


mentam  of  the  pedunculis  cerebri.     Other  observers,  among 
them  von   Qudden  and   von   Kolliker,  follow  them   running 


tl 
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dorsalward  between  the  fasciculi  retroflexi  to  become  lost  in 
this  region.  The  last-mentioned  investigator  *  inclines  to  the 
belief  that  they  end  in  the  nucleus  nervi  oculomotorii,  or  in 
the  nucleus  ruber,  or  in  both.  It  is  not  impossible  that  they 
terminate  in  the  stratum  griseum  contrale,  since  von  Monakow  f 
found  this  gray  matter  atrophic  on  the  left  side  caudal  from 
the  (corpus  mammillare  in  a  case  of  atrophy  of  the  fornix  on 
the  right  side. 

Ramon  y  Cajal,  however,  does  not  find  any  decussation  of 
the  column*  foniicis  such  as  (hinser  and  others  describe. 

By  means  of  the  neurones,  the  cell  bodies  of  which  are  situ- 
ated in  the  corpora  mammillaria,  other  important  centres  may 
be  brought  under  the  influence  of  the  central  conduction  paths 
of  the  olfactory  apparatus.  Kac^h  corpus  mammillare  consists 
of  at  least  two  nuclei — (1)  a  large  medial  nucleus,  representing 
the  main  mass ;  and  (2)  a  smaller  lateral  nucleus,  which  occu- 
pies an  area  corresponding  to  the  anterior  half  of  the  medial 
nucleus.  It  has  for  a  long  time  been  known  th^t  the  corpus 
mammillare  is  connected  with  the  nucleus  anterior  thalami  by 
the  fasciculus  thalamomammillaris  (or  bundle  of  Vicq  d'Azyr), 
and  with  both  the  tegmental  and  basilar  portions  of  the  cere- 
bral peduncle  by  means  of  the  fasciculi  pedunculomammillares. 
Neurologists  working  with  Weigert's  method  early  noticed  that 
the  bundle  of  Vicq  d'Azyr  always  fused  with  the  tegmental 
bundle  before  entering  the  corpus  mammillare.  All  believed, 
however,  that  the  two  fasciculi  had  a  separate  origin  in  the 
corpus  mammillare.  In  this  region  again  the  method  of  Golgi, 
as  applied  by  Ramon  y  Cajal,  has  been  of  service,  since  it  has 
made  it  possible  to  demonstrate  beyond  controversy  that  the 
pars  tegmentalis  of  the  fasciculi  pedunculomammillares  and 
the  fasciculus  thalamomammillaris  (Vicq  d'Azyri)  represent 
medullated  axones  which  belong  to  the  same  set  of  neurones — 
indeed,  are  but  the  representatives  of  the  two  limbs  of  a  fork- 
like bifurcation  which  the  stem  axones  of  the  cells  of  the  nu- 
cleus medial  is  corporis  mammillaris  undergo.     The  cells  of  the 


♦  von  Kolliker,  A.     Op.  cit.,  S.  530. 

t  von  Monakow,  C,  Experimentelle  und  pathologisch  anatomisohe  Un- 
tersuchungen  iiebcr  die  Beziehungen  der  sogenannten  Sehsph&re  zu  den  infra 
corticalen  Opticuscentren  und  zum  N.  opticus.  Arch.  f.  Psychiat  u.  Nerren- 
kr.,  Berl.,  Bd.  xvi  (1885),  S.  181. 
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medial  nncleus  are,  according  to  Ramon  y  Cujal,*  small,  spindle- 
shaped,  stellate,  or  triangular  cells,  which  are  provided  with 
raitch-brancbiDg  dendrites,  and  give  oS  delicate  axonea  difficult 
to  follow  on  account  of  their  tortuous  coarse.     The  cell  bodies 


Fio.  490. — Gronp  of  oelU  from  the  pure  Diediulifl  of  the  nuclpuii  curpuriit  mam- 
mllUriB  of  a  child,  b,  airma..  (Aflpr  A,  von  KolliktT.  Handbuuh  tier  Ob- 
webelefare,  Bd.  )i,  Leipz.,  ISW.  S.  .139.  Fig.  6l<S.  i 

and  dendrites  have  been  successfully  impregnated  in  human 
tissue  (Fig.  490).  Their  axones  pass  dorsalward  and  somewhat 
lateralward.  In  a  region  outside  the  corpus  mammillare,  each 
bifurcates  (Fig.  491)  into  an  anterior  process  running  to  the 
nuclene  anterior  thalami,  and  a  posterior,  usually  more  delicate 


*  Roin^n  y  Cajal,  S.    fleitrag  zum  Studium  der  M 
Deutach  von  Bneler,  Leipz.  (1896),  S.  111. 


ilulla  oblongaU,  el 
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procesa,  looking  almost  like  a  collateral  branch  which  passes 
caudalward,  to  enter  the  tegmental  bundle  of  the  fasciculi 
pedDnculomammillareB.* 


Flu.  461.— Nixittul  sti'lioii  thniujth  the  mi^ial  part  nr  the  curpus  msmmillare 
of  a  iiewlwni  nmusc.  (After  S.  fianiAn  y  4iyiil,  Bi-itnui  zum  8tudiuia  der 
Holulln  OblonRHra.  etc.,  Rnwiur.  Lcipz..  ISM,  8.  1)1.  Kite.  M.)  A,  nwdial 
pvrljun  uf  nurlviu  corporis  numimillaris;  fi.aiontMurtbe  cells  bifDrratinft  to 
fonn  twu  ilifttTunl  biindlris:  C  faaJruliiK  tKMluni'ulu-iiuiiDiuillaru.  psrateg- 
muntalU  I Haubeitiundrl  cif  von  Ouddi-n) ;  A  axiini'B  of  white  r.  -   -"       " 


culluti'nil  from .. 

tht>  axdiii-  of  whii'h  giNit  in 
into  I",  tho  otlier  itibi  f. 

*  von  KQlliker  has  coiillrnictl  the  work  of  Ramon  y  Cajol,  and  we  have 
at  the  laboratnrj  in  Baltimore  been  able  to  see  preoiselj  simtiar  picturps  in 
sagittal  sections  of  the  embryo  pig.  The  description  given  in  tbe  t«Xt  hokla 
for  the  mouse.  In  the  rabbit  the  branch  of  bifurcation  going  Ut  the  teg- 
mental bundle  is  stoul«r  than  that  entering  the  tasciculns  thalamomamtnil- 
laris.     Von  Kotliker  suggests  thut  the  bundle  of  stem  axonee  be  called  the 
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The  mednllated  axones  of  the  fasciculus  thalamomammil- 
laria  (Vicq  d'Azyr)  pass  dorsalward  and  somewhat  frontalward 


Fio.  492.— Fnmtal  section  through  the  n  d  u  rube  Iho  fiwr  uIob  lonnitudliiHlii 
mediBllii  anil  the  nuH  an  V  iru  m  t  n  Ta  fteM  d  ubc  ^fter  8  HamAn 
yC^sl,  Bvitnte  ziun  Stulun  dcr  M -dulla  Obi  DRUtu  eU.  Bresler  Lelpi., 
Vtee,  a  114,  Fg  27  4  fitsc  lus  1  db  tud  nl  R  tti'daU  B  fau  nlus 
pcduQUula-mamni  llnnit.  pnnt  ti  Kinpntxlln  HanieiibuHM  of  T  D  (  udd  n  C, 
foaltiiaeartipr  Haabr  I  i^img  of  M  y  Tt  r  decuKatio  ttgme  lormlis' 
D,  deiiccnding  bundle  n  fomiBl  reti  ulanii  F  Dueleuit  N  iru  d  oloril 
tecciving  collAteral*  (Vim  the  fast.  'dIuii  1  ntcitulinalU  moiluil  s  F  1  ngi- 
tudinal  fibres  n  the  tegmentum  O  diussat  hKDient  ventral  h  F  rcl'a 
BaHbtBkrttaaag)  B  n  ildlu  d  'cueaat  on  o  1  i.ns«t  n  uf  von  (Judden'a 
bundle;  .^  ep  t^elium  of  a(|UcductU)i  'erehn  a  llat  rals  ftnm  the  de- 
wending  bundle  n  furmatio  ret  culann  to  th  n  I  uh  ri  her  b  blfurrat  on 
ortheflbreHurtberonn  flbntioriB  m  ral  hn  »h  rh   ntfrthefam    ula> 

longitudi iial is  medial ui  h  ax  nen  f  tlln  f  I  h  n  bi  wl  hjaas  1  rtal- 
ward.  Lateral  from  the  nu  I  ub  N  nuif-notin  one  *t«  ^i  tl  e  anon  ROf 
which,  Krter  giv  ng  off  c  llaterals  t  tl  e  Htntt  n  gr  mun  cntra  ti  r  to 
run  longitndioallr  n  the  fumutli    ret  cula  i 


fateieiiltu  mammtilans  prt  teeps  and  that  the  bun  lies  correspond  n 
two  limbs  of  bif  ureal  on  be  calle  1  the  fasc  ci  m  Ihalan  amam  lie 
the  faieieulita  legmenlomamn  tllans  itspe  t    ely 


othe 
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toward  the  nucleus  anterior  thalami,  where  the  fibres  diverge 
to  come  into  contact  with  all  portions  of  the  nucleus.  The 
individual  axones  inside  the  nucleus  break  up  into  numerous 
terminal  branches  which  ramify  freely  in  among  the  cell  bodies 
and  dendrites  situated  there. 

The  medullated  axones  of  the  pars  tegmentalis  of  the  fas- 
ciculi pedunculomammillares  (Hauhenhiindel  of  von  Gudden) 
pass  caudalward  into  the  tegmentum  of  the  cerebral  peduncle. 
Their  ultimate  destiny  is  still  obscure.  Von  Gudden  *  believed 
the  bundle  to  be  connected  with  the  ganglion  profundum  teg- 
menti,  which  he  described  in  the  rabbit,  but  this  nucleus  is 
not  well  marked  in  human  beings.  The  axones  have  been  fol- 
lowed by  Ramon  y  Cajal  in  the  mouse  as  extremely  fine  fibres 
through  the  red  nucleus  down  into  the  pons  in  the  region  of 
the  corpus  trapezoideum,  where  this  tegmental  bundle  can  still 
be  made  out  as  a  few  fine  fibres  lying  ventral  to  the  fasciculus 
longitudinalis  medialis.  Collaterals  are  given  off  to  the  medial 
side  of  the  red  nucleus  in  passing.  He  finds,  further,  a  decus- 
sation of  many  of  the  axones  of  the  bundle  near  the  plane  in 
which  is  situated  the  decussatio  brachii  conjunctivi.  This 
decussation  may  be  designated  the  middle  decussation  of  the 
tegmentum,  inasmuch  as  it  lies  between  the  dorsal  decussation 
(Meynert's  fontainmrtige  HauhenJcreuzung)  and  the  ventral 
decussation  (ForeFs  ventrale  Hauhenkreuzung)  (Fig.  492). 

Held's  studies  of  the  region  of  the  decussationes  tegmenti 
are  among  the  most  interesting  that  have  been  published. 
Three  of  the  figures  accompanying  his  article  are  here  repro- 
duced (Figs.  493,  494,  and  495). 

The  axones  of  the  nucleus  lateralis  corporis  mammillaris 
help  to  make  up  the  pars  hasilaris  of  the  fasciculi  pedunculo- 
mammillares. This  bundle  of  medullated  axones,  often  spoken 
of  as  the  pedunculus  corporis  mammillaris,  runs  caudalward 
into  the  cerebral  peduncle.  The  inferior  termination  of  this  is 
as  yet  uncertain.  A  part  probably  runs  to  end  in  the  ganglion 
tegmentum  dorsale  of  von  Gudden.  Flechsig  states  that  it 
terminates  in  the  stratum  griseum  centrale,  and  that  thus  olfac- 
tory stimuli  can  be  transferred  to  this  gray  matter  and  thence 
to  the  medulla  oblongata  with  its  nerve  nuclei  and  automatic 
centres. 


•  von  Gudden.    Gesammelte  Abhandlungen,  No.  xxvii. 


fvnicHlm  laleralU. 


Fio.  493.— Obi iqoe  section  throngb  the  bniln  ateiaota  cat  four  days  old.  |  After 
H.  Held.  Abhandl.  d.  math.-phya.  Kl.  d.  k.  sachii.  (.iesellsch.  A.  Wisiwnacb., 
I^eipE.,  Bd.  iviii,  No.  B,  1882,  Taf.  ti,  Fig.  7.) 


Fie.  4Bi.— Oblique  section  througb  the  brain  stem  of  a  cat  four  daya  old.  (ATtcr 
H.  Hdd,  Abhandl.  d.  matb.-pbyH.  Kl.  d.  k.  gachs.  Oexellacb.  il.  Wissensch. 
Ldps.,  Bd.  XTili,  No.  B,  1892.  Tat.  ii,  Fig.  8.)  Tbo  decumttioDes  tegmeati. 
•re  well  illustrated. 
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{ad  b)    The    hippocampus  ie  connected  with   the  nuclem 
habenulEB  by  way  of  the  fornix  and  the  stria  meduUariB  thalami. 


Commiuum  porierior 


Fin.  405,— OI>liqui-  S'l'tiiiii  tlinHliih  thr  hriin  nt^m  uf  a  rat  cIfvfii  dajB  old,  illa»- 
truliiig  thp  uriRiii  of  ninny  HhrpH  uf  thp  rnHvlcuIuit  InnittludiuslU  rardulu 

from  the  niii'li'iiH  Inti-mliH  Kuiivricir  i  Fli'i'lisigi  1.    i  Aft4T  H.  Helil,  Abbnndl.  d. 
k.  siicliH.  GcHcllsch.  il.  WLssi>ns<-h..   Li-ipz.,   Ril.   xviii,   Nu.  6.  1882,  Taf  iii. 


The  term  stria  medullaris  is  applied  to  the  band  of  white  matter 
adjacent  to  the  taenia  thalami.  The  latter  term  is  limited  to 
the  line  representing  the  junction  of  the  white  matter  with  the 
simple  epithelial  layer  which  forms,  over  a  certain  ares,  the 
wall  of  the  ventricle.  The  tienia  tlialami  begins  in  front  of  the 
corpus  pineaJe  and  follows  the  free  border  of  the  stria  medul- 
laris, being  continuous  with  the  narrow  epithelial  lamina  which 
covers  the  plexus  ehorioideus  medius  on  its  under  surface  (Fig. 
49ii).  At  the  foramen  of  Monro  tlie  Uenia  thalami  bends  around 
backward  into  the  tfenia  chorioidiea  ([{is).  A  study  of  sagittal 
sections  of  the  brain  of  man  and  animals  shows  that  a  number 
of  the  fibres  running  forward  from  the  hippocampus  in  the 
fornix,  near  the  region  of  the  anterior  commissure,  turn  back, 
following  an  acute  curve  to  enter  the  stria  medullaris  thalami. 
This  bundle  from  the  fornix,  which,  by  the  way,  appears  to  give 
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rise  to  the  more  ventrsl  portion  of  the  Btria  medulUrie,  is  joined 
by  a  bundle  of  fibres  from  the  ganglion  basale.  These  relations 
are  graphically  illustrated  in  the  accompanying  scheme  of  a 
sagittal  section  of  the  rabbit's  brain  taken  from  von  Kiiliiker 
(Pig.  407).  A  similar  scheme  is  to  be  found  in  Edinger's  text- 
book. It  seems  likely  that  in  the  stria  meduUaris  axones  run 
in  both  directions,  though  those  we  are  now  considenng  run 
toward  the  nucleus  habenulie  to  end  inside  it  among  the  cells 
and  their  processes  situated  there. 

The  nucleus  habennlee,  a  part  of  the  epithalamus,  is  sitnated 
in  the  trigonum  habenulie  lateral  from  the  corpus  pineale.  It 
contains  larger  and  smaller  cells,  the  former  predominating  in 
the  lateral  portion  of  the  nucleas,  the  latter  in  the  medial  por- 
tion. It  has  long  been  known  that  the  nucleus  habennlae  is 
connected  with  the  interpeduncular  region  by  a  strong  band  of 
medullated  fibres— the  fasciculus  retroflexus  (Meynerti).  Studies 
by  Golgi's  method  undertaken  by  van  Gehuchten,*  Ramon,  f 
and  von  KolUker  J  have  shoivn  that  axones  of  Meynert's  bun- 
dle arise  from  the  cell  bodies  or  dendrites  of  the  nucleus  ha- 


Fio.  406. — Transverse  section  thrciugb  the  teU  t'hiirioiilpa  ventriculi  tertii  and 
its  neigbburhuud.  {After W.  His,  Dit>  Aiutombwhe  NumeiulHtiir. etc.,  I«ipz., 
I8«J,8.  186,  Fig.  21.)  //,  vcmriculus  laleraliH;  ///,  veiKriciiliu  tertiun;  n:, 
Cflrpus  allosum;  F,  fumix ;  Th,  thalnmun:  S(,ih,  stria  medullnris ;  Ft.t, 
Btrin  termiiuiles  ;  I't,  Venn  temiiiuklls ;  I.,  lamina  afflxa  ;  1,  ttpnia  (lialnml : 
f,  Iwni*  chorJoidi'B ;  S,  t«nia  fomicls.  The  flunrc  shiiws  the  tmnsition  of 
the  tnnin  into  the  epithelial  layer  of  tbe  pleiun  choriuidei. 

benul»,  and  that  the  coarser  fibres  arise  in  the  lateral,  the  finer 
fibres  in  the  medial  portion  of  the  nucleus. 

•  viui  Gebucbten,  A.    Contributions  r  I'ptinle  Uu  systcme  nerveus  Ues 
Teleost^na,    Cellule,  Lierre  eC  Louvain  (18S5),  t.  x. 

t  RsidAd,  D.  S.    Analea  <le  U  Sociedad  espanola  de  hlstoria  natural.,  t. 
iii,  2  Ser.  (18ft4).  p.  185. 

I  Op.  cit..S.  isa. 
01 
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The  mednll&ted  axonee  of  Meynert's  bundle  run  obliquely 
Tentrslward  and  somewhat  caudalward  to  the  interpeduncular 


Piu.  498. — Gulgi  prupanttiun  fmm  the  pcduncniar  reKiooof  »  muiuc  five  dajs  old. 
{AfbT  A.  von  Kolliki'r.  UunJbuih  dtr  Gtwebelcbre.  Bd.  ii.  L^ipz.,  inm.  S. 
IBT,  Fig.  830. ,  Cm.  ciirpuH  nummillare  ;  FM.  fiuciculiiii  rvtruQcxuB  Mryncrti ; 
DFJU.  ilti'umation  otiti. terminal  aiunnt. 

region,  where  (in  animals  at  least)  they  terminate  in  Uu^  gan- 
glion interpedunculare  of  von  Gudden.  In  thtf  mouse,  accord- 
ing to  Ton  Kiilliker,  there  is  a  terminal  decussation  (Fig.  498). 


[)<:  to  thi-  red 

,_.  n  by  Miw  Florence  Sabin,  Baltimon;,  18B6.) 

F.£.J(.i,  baciculuB  retruflt^ius  Hcynurti  entpriug  the  anivriur  extremity  of 
the  nudeus  mber;  F.R.M.t.  OmriculuH  rctrofleius  Meynerti  lesvinf!  the  ia- 
Trrior  eitremity  of  nui'Icus  nihi'r  ;  ,V.K..  nucleus  ruber. 

The  coarse  of  these  fibres  can  be  followed  with  the  greatest  ease 
in  the  brain  of  the  newborn  babe.*  Florence  Sabin  has  recon- 
structed the  bundle  in  this  laboratory.     She  describes  it  as 

*  Curiously  enough,  the  laore  peripheral  fibres  of  Mejoert's  bundle  be- 
oome  mcdullkted  first,  so  that  in  horizontal  sections  stained  with  the  Wej- 
gcrt-Pal  method  the  section  of  the  bundle  is  colorless  in  the  centre  but 
deeplj-stained  blue-blact  at  the  periphery. 
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follows :  "  The  bundle  enters  the  nucleus  ruber,  on  its  medial 
aspect,  near  the  anterior  extremity  of  the  nucleus.  The  place 
of  entry  is  a  Hmall  area  which,  measured  on  the  dorgo-ventral 
diameter,  is  about  one  third  the  distance  from  the  dorsal  sur- 
face. The  fibres  pass  obliquely  through  the  nucleus,  so  that 
the  place  of  exit  is  opposite  the  middle  of  the  same  diameter. 
After  emerging  from  the  nucleus  ruber  the  fibres  spread  out 
into  a  bundle,  the  dorso-ventral  diameter  of  which  is  nearly 
three  times  as  great  as  that  of  the  entering  bundle.  This  mass 
of  fibres  lies  Just  ventral  to  the  nucleus  ruber  of  either  side, 


Flo.  .wo. — Srhrmc  of  a  hnrizontal  section  throuKh  the  braio  or  Cyprinua  caipio. 
(.AlicrL.  KdiiiKLT Had  AMte  Hamilton,  frum  EdinKer'H Nurvnse CcntnloTgaiic. 
V.  Aufl.,  Lciiiz,,  ISOfl,  S.  115,  Fig,  9S,I  Tho  Sgurv  shoWB  the  individual  BU Ik 
divisioiu  of  the  rhinvnct'phalon  and  the  course  of  the  olbcloiT  Abres.     All 


very  near  tlie  surface  of  the  fosaa  interpeduncularis.  Some  of 
the  root  fibres  of  the  nervus  oculomotorius  pass  through  this 
area.  With  a  high  power  a  few  nerve  cells  can  be  seen  between 
these  fibres,  the  group  probably  corresponding  to  the  ganglion 
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interpedoDCulare  "  (Fig,  499),     Von  Kulliker  denies  the  eiist- 
ence  of  a  ganglion  interpedunculare  in  man,  and  states  that  the 


Fio.  501.— Schematic  reprenentotion  of  some  of  the  principal  neurone  systems  of 
the  Dl&ctory  conduction  path.  Pnijccted  into  HBfnttal  plaiif ,  Bulb,  ol/,.  bul- 
bils olfactorius ;  Oil,  forn,,  columna  fomicis ;  Vul.  tup.,  culliculus  superior ; 
ftimiii.  on(.,  eommimura  anterior  cerebri  ;  Oir^.  nuiin,,  corpus  mainniillare ; 
Oirp. pin., corpus  pineale  ;  (i.e.  A.,  gsntclinn  ogiticumhaaale  ;  til.  oV., glomeruli 
olfactorii ;  (f^.ainb.  rhin.,  gyrus  ambiens  riiineucephuli ;  (!yr.  Mf,  tat..  gyiMa 
olfactorius lateral Ih :  'Tyr.  o.  m.,  gyrusoltacturiuHDiedialis;  'ivr.  irninnn.  rAin., 
gymB  Hemilunaris  rhinencephali ;  Oyr.  nbain.,  gyrus  tubriilliMUK ;  Lam.  crU., 
umina  cribroaa ;  S.  a.  th.,  uucloug  anterior  thatami  ;  Sn.  otf..  nervi  olfkc- 
turii ;  N«d.  hab.,  nucleus  hubeiiulffi ;  Prd.  cerrbri,  peduneulus  cerebri ;  Sir, 
long,  med.,  stria  longitudinal  is  me^ialU;  Str.  TordHlt.,  stria  mcdullaris; 
TVncf.  ol/.,  tractUB  olfactiirius ;  Tract,  opt,  tmctug  opticus ;  f,  monea  of  mitral 
cells  going  to  stria  ol&rtoria  lateralis ;  /'.  aione  of  mitral  cell  terminating 
in  gray  matter  of  trigonum  o1fa<'tiiriain  ;  //.  aiunc  of  mitral  c«ll  terminating 
In  gray  matter,  whence  aione  goes  to  commi!«ura  anterior  cerebri  ;  //  , 
Biones  tu  anterior  commissure  :  //".  L'<'ntril\igal  fibre  terminating  iu  bulbuB 
olfactorlng;  III,  aione  of  mitral  cell  tenuinating  in  gyms  olfacturius 
medialia;  II'.  aiones  of  neurones  connecting  the  olfactnry  portion  of  the 
uncus  (gyms  amhiens  and  gyms  semilunarisi  with  the  hippocampus  (comu 
ammonis) ;  V,  aiones  from  hippocampus  to  fornix  ;  I",  aione  to  commissuia 
hippocampi:  I"',  Biones  from  fornix  to  septum  pvllucidum;  1"",  axonea 
from  fornix  to  corpus  mamniillnn' ;  V"",  axonc  from  fornix  to  nucleus  ha- 
bcDulie  by  nsy  of  tiie  stria  mcdullaris;  I'/,  fasciculus  mammilla  ris  princepa: 
ri  .feaciculuatbslamo-maramilliirisVipqd'Azyri  ;  I'/",  fasciculuiipraunculo- 
manunillarifi,  paiBtegmenlslis(ifaitA;RAiiNilr/  of  von  Gudden);  VII,  GiKciculnB 
pnlunculo-mammillaris.  pars  batularis  ipedunculus  coiporis  mammillarisl; 
VlII,  faaciculns  retroDexus  Heynerti  extending  from  the  nucleus  habetiuin 
to  the  ganglion  interpedunculare. 

fibres  of  the  fasciculus  retroflexug  become  lost  in  the  lamiua 
perforata  posterior. 
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tlin  oiriK-liiry  conduction  path 
bxlbiw  olfiictorius;  0.f.  [on.. 
anterior  wruhri;  (bmin.  hipp.. 


— Schc-matic  rFprcNcntation  of  some  of  tbe  imiHirtiiiit  neurone  syvlciiM  of 

thfi  oiriK-liiry  conduction  paths ;  pngi-ctiiin  in  horizontal  plane,     Balb.  olf., 

'    "  ■-  -  -.  ■  foniirin:    Comm.    a»l.,    eommuisani 

,.   .  ira  liipiMKanipi  1    Vorp.  call.,  cotpiu 

.,. iMirpuH   mamniiUarc ;    'fOiiji.   in!.,    gangUoD    inter- 

peiJunculare ;  (il.  olf.,  gliiuiiTUii  iiifoctorii :  (;.  o,  6..  gaiiKliun  opticum 
DBaaic :  'I'yr.  amb.  rhin.,  KyruH  amhiniH  rhinrnrcphali ;  Gar.  diaf.  riin., 
gyrux  (liHttuDsliH  rhineiiccphuli :  Ugr.  n.  m..  Ky^is  oirai'luriuB  medialia; 
(iyr.  olf.  lat.  gyrus  olCu'toriiis  lalvmliii ;  flgr.  trmiann,  rkin.,  gyms  semi- 
luiiarin  rhineiicephali  i  '•jrr.  mhnill.,  Kyna  nubcalliwus ;  .V.  n.  Ih.,  naclen* 
anterior  tliulaiui ;  .Yh.  olf..  nurvi  oifai-torii :  .Wd.  hob.,  nucleus  habvQula ; 
PetLrerrbri,  in-dunculuncerebri ;  Sir,  long.  lal..  Mria  lungltudinfllis  Uteislia; 
Mr.  long,  mtd.,  stria  longituilinaiis  medialia :  NIr.  atfitull.,  atrin  medul- 
laren;  /.  aion<-a  of  mitml  <-eil  Ki  loliux  pyrirnrmU;  /',  biods  of  cell 
In  gray  matter  of  traetus  oltbet'>riUH :  /".  ainne  to  hasal  optic  ganglion; 
//,  // .  ainniM  to  I'liiomiMUra  nutt'rior  cerehri ;  11",  centrifogBl  aione 
terminating  in  liulbuH  olfacloriUH :  III,  hioiic  to  gynu  subcalloaos ;  IV,  nm- 
roui-K  tlie  Bxcines  of  ivhicli  connect  the  temporal  til&tf  iry  scnae  area  with 
the  liipponimpus ;  1'.  axoncs  from  hippm'ampiifl  Co  fornix  i  V",  corpus 
fornidii;  I"",  aionee  from  foniii  to  i-orpoH  mammilhire  ;  I'  ",  aiunea  ^nun 
tbmiituBtria  me<liillariii:  I'/.  neuronpH  in  corpora  niam miliaria  giving  nff 
axoues  which  bifurcate  to  form  the  fawii'nlus  thalamo'manimllUriR  and 
tho  AuN-icnIuH  piilunrulii-nuiinmillariB,  iiani  tt-gnientalis ;  17'.  axones  of 
EwciculUH  thalainu-mamniilUriH  Vicq  cl'.tiyri  torrainating  in  the  nacleiu 
anterior  tlialanii ;  VI  ',  bwirulus  pcduni  ill o-iiiam miliaria,  phth  tegmentalis; 
I'll,  fawiruliiH  pediinciilu-mammillarui.  pant  liBHilariii ;  I'lll,  foiwiciilus  retro- 
l|piu>  MeyiU'ili :  /.v.  axotir  from  hiuail  optic  gHnglimi  Ihmugli  slria  mednl- 
lariH  to  nui'li-i»  habi'iiulie  :  .V.  aionc  from  huml  optic  ganglion  through  the 
foTuii  lu  the  liipiwcumpus. 
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{ad  c)  Extending  from  the  fornix  into  the  setpum  pellueidum 
are  many  medullated  fibres,  some  of  which  doubtless  represent 
axones  of  cells  in  the  hippocampus.  Some  of  these  may  be 
continued  farther  into  the  basal  ganglion  or  even  into  the 
olfactory  lobe.  In  all  probability  these  are  accompanied  by 
fibres  running  in  the  opposite  direction,  but  thus  far  definite 
statements  concerning  the  exact  origin  and  termination  of  the 
white  fibres  of  the  septum  pellueidum  are  not  justifiable. 

The  study  of  the  comparative  anatomy  of  the  olfactory  ap- 
paratus has  been  prosecuted,  among  others,  by  Herrick,  A. 
Meyer,  Edinger,  and  Alice  Hamilton.  The  last-mentioned  in- 
vestigators have  recently  pictured  the  relations  in  the  olfactory 
apparatus  of  the  carp.  Their  scheme  of  the  tracts  in  this  fish 
is  reproduced  in  Fig.  500.  It  will  be  seen  that  in  the  carp 
the  medial  part  of  the  secondary  olfactory  path  ends  in  what 
Edinger  calls  the  epistriatum ;  the  lateral  part  terminates  in 
more  ventral  portions  of  the  brain  stem  in  the  posterior  part 
of  the  rhinencephalon.  In  Figs.  501  and  502  I  have  represented 
schematically  the  principal  groups  of  olfactory  neurones  thus 
far  made  out.  It  is  not  to  be  forgotten,  however,  that  these  are 
only  schemes  which  must  be  recast  as  our  knowledge  of  the 
complex  relations  advances. 


CHAPTER  LIII. 

OPTIC   NEURONES   OF  THE   SECOND   ORDER   AND   OF   HIGHER 

ORDERS. 

The  morphological  position  of  the  N.  opticus — Ganglion  cells  of  the  retina 
— Their  axones — Chiasma  opticum — Fasciculus  cruciatus — Fasciculus 
non-cruciatus — Tractus  opticuj? — Its  lateral  and  medial  roots — Tennina- 
tion  in  mesencephalon  and  diencephalon — Fibres  to  colLiculus  superior, 
corpus geniculatum  laterale,and  pulvinar — Commissura  inferior  Guddeni 
— Commissura  superior  Meynerti — Hemispheric  bundle  of  vonGudden — 
Commissura  ansata  of  Hannover — Commissura  hypothalamica  anterior 
Tractus  peduncularis  transversus. 

Optic  neurones  of  Order  III — The  structure  of  the  colliculus  superior  and 
the  distribution  of  the  axones  arising  there — The  corpus  geniculatum 
laterale  and  its  connections — Radiatio  occipito-thalamica  (Gratioleti) — 
"  Optic  radiation  in  the  narrower  sense  " — Superficial  and  deep  optic 
paths  of  Ramon  y  Cajal — The  cortical  visual  sense  area — Hemianopsia 
and  certain  other  pathological  conditions — Pupillary  paths — Schematic 
representation  of  principal  neurone  systems  in  visual  induction  path. 

3.  CentrtJ.  Neurones  of  the  Visual  Conduction  Paths. 

It  has  been  pointed  out  on  an  earlier  page  that  the  so-called 
N.  opticus  is  in  reality  not  a  peripheral  nerve  at  all,  since  it  is 
not  comparable  with  true  peripheral  nerves  which  contain  only 
processes  of  peripheral  neurones  (sensory  or  motor).  For  the 
visual  sensory  system  actual  analogies  of  the  peripheral  sensory 
neurones  of  other  systems  were  seen  to  be  the  bipolar  cells  of 
the  retina,  the  cell  bodies  of  which  correspond  to  the  "  inner 
nuclear  layer,"  with  dendrites  distributed  to  the  "  outer  molec- 
ular layer,"  and  with  axones  terminating  in  the  "  inner  molecular 
layer "  among  the  dendrites  of  the  ganglion  cells.  The  true 
nuclei  terminales  of  the  optic  neurones  of  the  first  order,  there- 
fore, are  situated  within  the  retina  itself.  The  medullated  ax- 
ones of  the  ganglion  cells  of  the  retina,  which  go  to  form  the 
so-called  X.  opticus,  are  in  reality  nervx*  fibres  inside  the  central 
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nervous  system,*  and  are  analogous  to  the  meduUated  axones 
of  sensory  neurones  of  the  second  order  of  other  sensory  con- 
duction paths  (e.  g.,  internal  arcuates  and  fibres  of  the  medial 
lemniscus  from  the  nucleus  funiculi  gracilis  and  the  nucleus 
funiculi  cuneati,  medullated  axones  of  the  mitral  cells  in  the 
bulbus  and  tractus  olfactorius).  The  fibres  of  the  optic  nerve 
and  tract,  besides  in  decussating,  resemble  the  medial  lemnis- 
cus, in  that  they  terminate  in  the  midbrain  and  interbrain.f 

To  call  the  band  of  fibres  running  from  the  eye  toward  the 
brain  the  "  optic  nerve  "  is  therefore  to  be  guilty  of  an  incon- 
sistency in  nomenclature,  though  the  term  has  been  so  long 
and  so  universally  in  use,  before  the  actual  relations  were  dis- 
covered, that  its  elimination  would  be  difficult  if  not  impossible, 
even  if  the  attempt  were  thought  to  be  advisable.  It  seems 
worth  while,  however,  in  order  to  avoid  confusion  of  ideas, 
especially  for  the  beginner,  to  emphasize  the  fact  that  the 
designation  is  a  misnomer. 

The  appearance  of  the  ganglion  cells  in  the  retina  is  fa- 
miliar to  all.  The  irregularly  oval  cells  are  multipolar,  the  den- 
drites running  to  the  adjacent  inner  molecular  layer,  where  they 
branch  manifoldly,  and  come  into  relation  with  the  axones  of 
the  bipolar  cells.  We  have  seen,  in  considering  the  peripheral 
optic  neurones,  that  certain  of  these  are  related  only  to  rods, 
others  only  to  cones.  The  majority  of  the  ganglion  cells,  on 
the  other  hand,  appear  to  stand  in  relation  to  both  sorts  of 
bipolar  cells,  though  it  is  not  impossible  that  some  of  them, 
especially  the  monostratified  forms,  are  connected  with  only 
one  sort.  The  dendrites  of  some  ganglion  cells  (Fig.  503) 
spread  out  in  one  horizontal  plane  of  the  molecular  layer 
(monostratified  cell),  of  others  in  several  planes  (polystratified 
cells),  of  still  others  throughout  the  whole  thickness  of  the 
molecular  layer   (diffuse   cells).      The   dendrites  occasionally 

♦  In  the  so-called  N.  opticus  are  many  glia  cells,  similar  to  those  of  the 
substantia  alba  of  other  parts  of  the  central  nervous  system. 

f  Luys,  and  with  him  Meynert  (8.  Strieker,  A  Manual  of  Histology,  Am. 
transl.,  ed.  by  A.  11.  Buck,  8vo,  New  York,  1872,  p.  688),  compared  the  retina 
to  the  bulbus  olfactorius,  and  suggested  that  the  optic  nerve  was  not  an  ordi- 
nary peripheral  nerve,  but  in  reality  a  central  tract.  Von  Kdlliker  (En- 
twickelungsgeschichte  des  Menschen  und  der  hoheren  Sadgethiere,  ii 
Auflage)  stated  also  that  the  ncrvus  opticus  is  really  a  part  of  the  brain.  He 
compared  it  with  the  tractus  olfactorius  and  considered  the  optic  tracts 
analogous  to  the  striae  olfactoriae. 
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penetrate  in  among  the  cell  bodies  of  the  optic  neurones  of  the 
first  order  (inner  nuclear  layer).  Here  and  there  at  tolerably 
regular  intervals  giant  ganglion  cells  can  be  made  out.  These 
as  a  rule  correspond  to  very  large  bipolar  cells  in  the  inner 
nuclear  layer,  and  it  has  been  suggested  that  these  are  signs 
that  the  retina  is  divisible  into  more  or  less  definite  provinces, 
which  possibly  may  be  of  importance  from  a  physiological  stand- 
point (Krause). 

The  axones  of  the  ganglion  cells  pass  into  that  layer  of  the 
retina  known  as  the  "  layer  of  optic  nerve  fibres."  They  all 
run  toward  the  "  blind  spot,"  or  papilla  nervi  optici,  and  plunge 
through  the  tunicas  optici  to  enter  the  so-called  nervus  opticus. 
In  the  retina  itself  the  axones  are,  except  in  rare  instances,  de- 
void of  myelin  sheaths.  From  the  papilla  on,  however,  they 
are  medullated,  though,  like  other  white  fibres  within  the  cen- 
tral nervous  system,  they  are  distinguishable  from  those  of 
peripheral  nerves  in  that  they  possess  no  nucleated  sheath  of 
Schwann  (or  neurilemma).  That  the  fibres  of  the  optic  nerve 
really  have  their  origin  in  the  ganglion  cells  of  the  retina  has 
been  proved  over  and  over  again  by  embryological  study  (Mall, 
His),  by  the  study  of  secondary  degenerations  (von  Monakow, 
Ganser,  Manz,  and  others),  and  directly  by  means  of  Golgi's 
method  (Tartuferi,  Ramon  y  Cajal). 

Since  von  Gudden  undertook  the  investigation  of  the  optic 
paths  *  we  have  known  that  fibres  of  different  calibre  occur  in 

*  The  contributions  of  Bernhard  von  Gudden  bearing  upon  the  visual 

conduction  paths  are  the  following:  (1)  Ueber  das  Verhaltniss  der  Central- 

gefftsse  des  Auges  zum  Gesichtsfelde.    Arch.  f.  Anat.,  Physiol  u.  wissensch. 

Med.,  Berl.,  1849,  S.  522-532. — (2)  Experiinentaluntersuchungen  ueber  das 

peripherische  und  centrale  Nervensystein.    Arch.  f.  Psychiat.  u.  Neryenkr., 

Berl.,  Bd.  ii  (1870),  S.  693-723.— <3,  4.  5  and  6)  Ueber  die  Kreuzung  der  Ner- 

vcnfasern  im  Chiasma  nervorum  opticorum.    Arch.  f.  Ophth.,  Berl.,  Bd. 

XX  (1874),  2.  Abth.,  S.  249-268;  Bd.  xxi,  3.  Abth.  (1875),  S.  199-204:  Bd. 

^Jj  XXV,  1.  Abth.  (1879),  S.  1-56 ;  Bd.  xxv,  4.  Abth.  (1879),  S.  237-246.— <7)  Dem- 

jj]  onstration  von  Prftparaten  ueber  das  sog.  Ganglion  opticum  basale,  Kreu- 

j  zung  der  Sehnervfasern  im  Chiasma,  vordere  und  hintere  Commissur  des 

Chiasma.     Allg.  Ztschr.  f.  Psychiat.,  Berl.,  Bd.  xxix  (1873) ;  Bd.  xxx  (1874). 
— (8)  Experimente,  durch  die  man  die  verschiedenen  Bestandheile  desTrmctus 
4  I  opticus  zu  isoliren  iin  Stande  ist.    Tagebl.  d.  54  Versamml.  deutsch.  NatarfSr- 

^*  ^  schcr  in  Salzburg  a881),  S.  187. — (9)  Ueber  die  verschiedenen  Nervenfaser- 

H  i  systeme  in  der  Retina  und  im  Nervus  opticus.     Tagebl.  d.  55  VersammL 

il|  J  deutsch.  Naturf(\r8chor  in  Eisenach  (1882),  S.  307.— (10)  Ueber  die  Sehnerven, 

j^  die  Sehtractus,  das  VerhUItiiiss  ihrcr  gekreuzten  und  ungekreuzten  Btlndel, 
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the  optic  nerve — (a)  coarae  fibres  and  (b)  fine  fibres.  Salzer's  • 
counts  made  each  optic  nerve  contain  438,000  fibres;  Krause 
subsequently  showed  that,  inclnding  the  finer  fibres,  each  optic 
nerve  contains  1,000,000  fibres.  There  are  about  1,000,000  cella 
in  the  ganglion  cell  layer  of  the  retina.  The  majority  of  re- 
searches (von  Gudden,  von  Monakow)  point  to  the  view  that 
the  finer  fibres  are  connected  with  the  superior  collicalns  of  the 
corpora  quadrigemina,  but  von  Leonowa  states  that  many  go 
^Bo  to  the  lateral  geniculate  body. 

Having  reached  the  chiasma  opticum,  a  large  proportion  of 
the  fibres  (fasciculus  cruciatus)  of  one  nervus  opticus  cross  over 


Fio.  S03.— N'erre  mils  (rofn  the  retina  of  the  rhick.  lAflrr  d.  Bamdn  y  Calal, 
Die  Retina  der  Wirbelthiprc.  Greeff.  Wieeb.,  1894,  T^f.  v,  Fig.  I.I  A.  ean- 
glion  i^ell  whii^h  sgireads  out  in  the  firat  nnhlayer:  B.  gatiKlion  Eell  for  the 
Bccund  sulilayer ;  C,  smsill  ganglion  cell  for  the  fourth  sublayer ;  D,  mulli- 
palar  cell    for  the  seconil  suhlayer ;  K,  a  cell  which  forms  two  horizontal 

E'eiaHea.  the  first  below  tlie  fourth  sublayer,  the  Becond  in  the  third  aub- 
yer ;  F,  small  cell  with  two  fine  plemseqi,  the  first  in  the  seoond  sublaynr, 
the  second  in  the  fourth  :  G,  giant  eell  whii^h  furms  three  pleiUBCH  situated 
in  the  second,  third,  and  foorth  sublayers ;  J.  cell  with  extremely  Boo 
plexus  in  the  third  sublayer  ;  K.  cell  which  branches  in  the  fourth  sublayer, 


lay. 


branches  boiviniiug  involved  with  an  amacrine  cell   goiug 

:entrifuj{al  flbre  ;  b,  another  contrifugal  fibre  the  termina 
loriiontal  direction  beyond  the  internal  pleiifnrm  layer. 


to  enter  the  tractua  opticus  of  the  opposite  side;  a  certain 
number  of  fibres  (fasciculus  non-cruciatus),  however,  do  not 
cross  but  enter  the  tractus  opticus  of  the  same  side.  The  fas- 
oicnlus  cruciatus  is  ordinarily  much  larger  than  the  fasciculus 
non-cmciatus ;  the  former  appears  to  correspond  to  the  fibres 
arising  from  the  ganglion  cells  of  rather  more  than  one  half  of 
the  retina  on  its  medial  or  nasal  side,  the  latt«r  to  the  fibres 
arising  from  the  ganglion  cells  of  rather  leas  than  one  half  of 

ihre  Seh-  und  Pupillartasem  und  die  Centren  der  letzteren.  Tagobl.  d.  58 
Verwmml.  deutsch.  KaturfSrscher  in  Strassburg  (1885),  S.  136. 

All  these  have  been  reprinted,  together  with  his  researches  on  other  sub- 
jects, in  Bemhsrd  von  Qudden's  Gesammelte  und  hintertossene  Al>hand- 
lungen,     Hrs^.  vod  Dr.  II.  Orasbcv.  Wiesbaden  (1889). 

"  Salzer,  F.  Ueber  die  Anzahl  der  Sehnervenfasem  und  der  Betinazapfen 
im  Auge  des  Menschen,  Sitznn^b.  d.  k.  Akad.  d.  Wissenscii.,  Matb.'DaCurw. 
CIL.  Wien.  Bd.  Imxi  (1880),  3.  Abth.,  S.  7-S3. 
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the  retina  on  its  lateral  or  temporal  side.  The  fibres  of  the 
two  fasciculi  in  the  chiasm  of  human  beings  are  not,  however, 
present  in  the  form  of  definite  bundles ;  those  of  one  fasciculus 
interweave  with  those  of  the  other  of  the  same  side  and  those 
of  both  of  the  opposite  side  in  so  complex  a  manner  that  to 
follow  individual  fibres,  even  in  faultless  serial  sections,  is  prob- 
ably an  impossibility. 

The  secondary  degenerations  observed  in  pathological  cases 
in  higher  mammals  and  in  human  beings  (Gowers,*  Kellermann,t 
von  Gudden,J  Purtscher,^  Baumgarten,||  Singer  and  Munzer,-^ 
Burdach,^  Marchand,J  Schmidt-Rimpler,J  JacobsohnJ)  prove 
beyond  reasonable  question  that  there  is  a  semi-decussation, 
not  a  total  crossing,  in  the  optic  chiasm.**  In  many  of  the 
somewhat  lower  forms,  for  example  in  the  guinea-pig,  the  de- 
cussation is  total.  In  the  rabbit  the  decussation  is  almost 
total,  but  von   Gudden   and    others  have   stoutly   maintained 


*  Gowers,  W.  R.  Pathologischer  Beweis  einer  unvollstHndigen  Kreuzung 
der  Sehnerven  beim  Menschen.  Ccntralbl.  f.  d.  mod.  Wissensch.,  Berl.  (1878), 
Bd.  xvi,  S.  562. 

t  Kellermann,  M.  Anatomische  Untersuchungen  atrophischer  Sehner- 
ven mit  einem  Beitrag  zur  Frage  der  Sehnervenkreuzung  im  Chiasma.  Stuttg. 
(1879),  pp.  44,  8vo. 

X  Op.  cit. 

•  Purtscher,  0.  Traits  sur  le  croisement  et  I'atrophie  des  nerfs  et  des 
tractus  visuels.  Cong,  period,  internat.  d'ophth.  C'ompt.-rend.  1880,  Milan 
(1881),  t.  vi,  pp.  320-327. 

I  Baumgarten,  P.  Zur  sog.  Semidecussation  der  Opticusfasern.  Cen- 
tralbl.  f.  med.  Wissensch.,  Berl.,  Bd.  xvi  (1878),  S.  561. — Zur  Semidecussation 
der  Opticusfasern.  Arch.  f.  Ophth.,  Berl.,  Bd.  xxvii  (1881),  1.  Abth.,  S. 
342-344. 

^  Singer,  J.,  u.  E.  Munzer.  Denkschr.  d.  math,  naturw.  Kl.  d.  Wiener 
Akad.,  Bd.  iv  (1888). 

0  Burdach,  F.    Zur  Faserkreuzung  im  Chiasma  und  in  den  Tractus  ner- 
vorum opticorum.      Arch.  f.  Ophth.,  Berl.,  Bd.  xxix  (1883),  3.  Abth.,  S. 
135-142. 
t||  J,  Marchand,  F.      Beitrag  zur  Kentnniss  der    homonymen   bilateralen 

Hemianopsie  und  der  Faserkreuzung  im  Chiasma  opticum.     Arch.  f.  Ophth., 
Berl.,  Bd.  xxviii  (1882),  S.  63-96. 
-. .  t  Schmidt-Rimpler,  n.    Semidecussationsfrage  der  Sehnerven.    Deutsche 

yj  med.  Wchnschr.,  Berl.,  Bd.  xxii  (1896),  Vereinsbeilage,  S.  158. 

J  Jacobsohn,  L.    Zur  Frage  der  Sehnervenkreuzung.    Neurol.  Centralbl., 
Leipz.,  Bd.  xv  (1896),  S.  838-840. 
5  ]  *♦  Cf.  also  Dreschfeld,  J.     Pathological  Contributions  on  the  Course  of 

the  Optic  Xerve  Fibres  in  Man.     Brain,  Lond.,  vol.  iv  (1881-'82),  p.  543; 
vol.  v  (1882-'83),  p.  118. 
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that  even  in  this  animal  there  is  a  small  fasciculus  non-cruci- 
atus.  Von  Gudden  *  expressed  the  opinion  that  in  all  animals 
in  which  the  visual  fields  fall  together  (binocular  vision)  there 
is  semi-decussation  in  the  chiasm,  and  that  in  all  animals 
in  which  the  visual  fields  of  the  two  eyes  are  entirely 
separate  the  decussation  is  total.  Thus,  in  fish,  amphibia,  and 
birds,  the  decussation  is  complete,  while  in  mammals  and 
man  von  Gudden  agreed  with  the  Hannover-Henle  view  that 
the  decussation  is  partial,  f  The  illustrations  which  accom- 
pany von  Gudden's  articles  are  very  convincing.  In  Fig.  504 
are  shown  (A)  the  base  of  the  brain  in  a  normal  rabbit;  (B) 


n.oc.d 


Fig.  504.— Brains  illustrating  atrophy  following  experimental  removal  of  the  eye 
in  a  newborn  rabbit  (After  B.  von  Gudden,  Gt^saramelte  und  Hinterlassene 
Abhandlungen,  Wiesb.,  1889,  Taf.  xv.  Figs.  1,  2,  and  3.)  A.  Base  of  an 
adult  rabbit's  brain  with  normal  optic  nerves.  B.  Base  of  a  rabbit's  brain 
in  which  the  right  N.  opticus  is  atrophied.  C.  Base  of  a  rabbit's  brain  with 
bilateral  atrophy  of  the  Nn.  optici.  n.opt.d.,  N.  opticus  dexter;  n.ocd.,  N. 
oculo-motorius  dexter;  ir.apt.d.,  tractus  opticus  dexter;  ir.p.tr.d.,  tractus 
peduncularis  transversus  dexter. 

the  base  of  the  brain  of  a  rabbit  the  right  eye  of  which  had 
been  extirpated  at  birth;  and  (C)  the  base  of  the  brain  of  a 
rabbit  both  eyes  of  which  had  been  removed  at  birth.  In  A 
the  Nn.  optici,  chiasma  opticum,  and  Tr.  optici  are  normal ;  in 
B  the.  right  X.  opticus  and  the  left  tractus  opticus  are  atrophic ; 
in  C  both  Nn.  optici  are  atrophic,  and  the  corresponding  por- 
tions of  the  optic  chiasm  and  optic  tracts  have  degenerated ; 
the  portions  of  the  optic  chiasm  and  of  the  two  tracts  which 
persist  correspond  to  the  commissura  inferior  (Guddeni),  which 
has  no  connection,  it  is  believed,  with  either  retina  {vide  infra). 
The  fasciculus  non-cruciatus  in  the  rabbit  is  illustrated  in  Fig. 

♦  von  Gudden,  B.  Demonstration  von  Pr&paraten  ueber  das  sog.  Gan- 
glion opticum  basale,  Kreuzung  der  Sehnervenfasern  im  Chiasma ;  vordere 
und  hintere  Commissur  des  Chiasma.  Allg.  Ztschr.  f.  Psychiat.,  Berl..  Bd. 
xxix  and  xxx  (187a-'74). 

f  Johannes  Muller  believed  that  the  identity  of  the  retina  in  man  and  in 
animals  is  organically  conditioned.  Helmholtz,  on  the  other  hand,  thought 
that  it  might  be  a  matter  of  education  (anerzogene). 
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505.     The  same  bundle  in  man,  much  more  voluminous,  is  well 
shown  in  the  remarkable  case  studied  by  Ganger,*  in  which  this 

bundle  ran  as  a  separate  tract,  practi- 
cally completely  isolated,  from  the 
retina  into  the  optic  tract  of  the  same 
side.  The  example  is  unique,  and  is 
of  such  importance  that  I  have  had 
Ganser's  drawing  reproduced  in  Fig. 
506.  Although  Reich,t  of  St.  Peters- 
burg, confirmed  the  results  of  von 
Gudden,  MandelstammJ  and  Michel* 
have  supported  the  view  of  von 
Biesiadecki,!!  who,  as  early  as  1861, 
asserted  that  even  in  man  the  decus- 
sation is  total.  Von  Michel  based 
his  conclusions  upon  (1)  serial  sec- 
tions of  the  whole  normal  chiasm 
stained  by  the  method  of  Weigert; 
(2)  sections  of  the  optic  nerves,  optic 
chiasm,  and  optic  tracts  in  cases  of 
degeneration  in  both  man  and  ani- 
mals; and  (3)  certain  physiological 
considerations. 


Fig.  505.— Removal  of  the  left 
half  uf  the  cIiiaHma  opticum 
aloTif^  with  the  eoinniisHura 
inferior  Gudden i  in  the  nih- 
bit.  ( After  R.  von  (hidden, 
Qesammelte  und  Hinterlas- 
sene  Abliandlungen,  Gra- 
shey,  Wiesb.,  1889,  Taf.  xvi. 
Fig.  3.)  N.opt.d.,  atrophic 
optic  ntirve  on  right  side,  the 
uncniflseil  bundle  (  (L  B. )  re- 
tained ;  A',  opt. «.,  N.  opticus 
siniste^r,  atropine  ;  Tii.c,  tu- 
ber cinereum:  /.  t.,  lobus 
temporalis 


♦  Ganser,  S.  Ueber  die  periphere  und  ceiitrale  Anordnung  der  Sehner- 
venfasem  und  ueber  das  Corpus  bigeminum  anterius.  Arch.  f.  Psychiat.  u. 
Nervenkr.  Berl.,  Bd.  xiii  (1882),  S.  341-381. 

f  Reich,  M.  On  the  Complete  and  Incomplete  Crossing  of  Nervous  Fila- 
ments (in  chiasma  nerv.  opticorum).  Protok.  zasaid.  Obsh.  russk.  vrach.  t. 
St.  Petersb.,  vol.  xli  (1874),  pp.  351-361.  Abstr.  in  Centralbl.  f.d.  med.  Wia»- 
ensch.,  Berl.,  Bd.  xiii  (1875),  No.  29. 

t  Mandelstamm,  E.  Ueber  Sehnervenkreuzung  und  Uemiopie.  Arch, 
f.  Ophth.,  Berl.,  Bd.  xix  (1873),  2.  Abth.,  S.  39-58. 

•  Michel,  J.  Ueber  den  Bau  des  Chiasma  nervorum  opticorum.  Arch, 
f.  Ophth..  Berl,  Bd.  xix  (1873),  2.  Abth.,  S.  59 ;  3.  Abth.,  S.  375.— Zur  Frage  der 
Sehnerven-Kreuzung  im  Chiasma.  Jbid.,  Bd.  xxiii  (1877),  2.  Abth.,  S.  227- 
254. — Ueber  Sehnerven-Degeneration  und  Sehnerven-Kreuzung,  Fest-Schrift 
der  med.  Fak.  d.  Univ.  Wiirzburg  z.  Feier  des  Ixx  Geburtstages  d.  Dr.  A.  v. 
KSllikcr,  Wiesbaden  (1887).— Lehrbuch  der  Augenheilkunde,  2.  Aufl.  (1890), 
S.  494. 

I  von  Biesiadecki,  A.  Ueber  das  Chiasma  nervorum  opticorum  des  Men- 
schen  und  der  Thiere.  Sitzungsb.  d.  k.  Akad.  d.  Wissensch.,  math.-Daturwi8S. 
CI.,  Wien,  Bd.  xiii  (1861),  S.  86;  und  in  Untersuch.  z.  Natural,  d.  Menscb. 
u.  d.  Thiere,  Gie.ssen,  Bd.  viii  (1862),  S.  156-173. 
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In  Berial  aectionB  of  the  normal  chiasm  be  found  that  the 
fibres  of  one  optic  nerve  meet  those  of  the  optic  tract  of  the 
Bune  aide  almost  at  a  right  angle,  and  be  contended  that  the 
view  that  an  uncrossed  baudle  passing  from  the  optic  nerve  to 
the  optic  tract  was  due  to  the  presence  of  looplike  excursions 
of  certain  of  the  fibres  of  the  nerve  for  some  distance  into  the 
tract  of  the  same  side,  before  actually  crossing  through  the 
chiasm  into  the  tract  of  the  opposite  side.  Von  Michel  can 
not  confirm  the  investigations  of  others  concerning  degenera- 
tions either  in  man  or  in  animals,  and  asserts  that  there  is  no 
evidence  from  this  source  in  his  specimens  in  favor  of  a  fas- 
ciculna  non-cniciatus.  Finally,  von  Michel  does  not  consider 
semi-dec ussation  a  necesaary  physiological  postulate.  He  argues 
that  if  homonymous  bilateral  hemianopsia  *  is  to  be  explained 


Vm.  006. — Begion  of  the  chituima  opticum  and  travtus  opticus  found  iu  buman 
bi^nstsntopayb;S.  Qanser.  (Arrh.  f.  Psychiat.,  Berl..  Bd.  liii.  \SS2.Taf. 
t],  Ftg.  11.)  The  &»dcnlu8  uon-cruciatiu  dexter  is  aeen  an  an  isolated 
biiiidle. 

by  the  decnssation  in  the  optic  chiasm  the  proportion  of  crossed 
to  uncrossed  fibres  should  be  as  1 : 1,  and  contrasts  with  this 
the  admission  of  even  those  who  adhere  to  the  doctrine  of 
partial  decussation,  that  the  relation  is  as  3  : 1,  or  ae  4:1,  at 
most  as  5 : 3.  As  further  evidence  against  the  generally  ac- 
cepted view  he  cites  the  well-known  fact  that  in  by  far  the 
majority  of  cases  of  hemianopsia  central  vision  is  sharp  on 
both  sides,  and  urges  that,  in  spite  of  the  hypotheses  which 
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have  been  advanced  to  explain  this,  there  are  no  anatomical 
grounds  for  the  assumption  that  each  macula  lutea  is  doubly 
represented. 

Von  Gudden,  up  to  the  time  when  his  brilliant  career  was 
so  tragically  cut  short,  combated  vigorously  the  doctrine  of 
complete  decussation,  backing  up  his  views  with  a  large  number 
of  elaborate  and  most  ingenious  experiments,  which  have  been 
sufficient  to  convince  at  least  the  majority.  In  his  articles 
from  1879  to  1885  he  dealt  with  all  the  objections  which  had 
been  raised,  and  in  the  minds  of  many  definitely  settled  the 
question  in  favor  of  a  partial  decussation  in  man  and  the  higher 
animals.  He  took  carefully  into  account  the  commissura 
superior  (Meynerti),  the  commissura  inferior  (Guddeni),  and 
the  hemispheric  bundle  which  bears  his  name,  and  demonstrated 
methods  by  which  each  of  these,  as  well  as  the  fasciculus  cruci- 
atus  and  the  fasciculus  non-cruciatus,  can  be  individually  iso- 
lated. Von  Gudden  cited  the  experiments  of  Nicati,*  who, 
through  the  mouths  of  cats,  cut  the  optic  chiasm  in  the  middle 
line.  The  cats  could  still  see,  which  would  be  difficult  to 
explain  were  the  decussation  total.  Even  had  they  been  totally 
blind  after  the  operation,  the  decussation  need  not  be  total, 
for,  as  Gruetzner  points  out,  we  do  not  know  how  near  the 
uncrossed  fibres  go  to  the  median  line  before  passing  into  the 
optic  tract  of  the  same  side.  At  von  Gudden's  instigation, 
Bumm  examined  the  retina  in  cases  of  degeneration  as  to  the 
origin  there  of  the  uncrossed  and  crossed  fasciculi.  Bumm 
came  to  the  conclusion  that  the  un(;rossed  bundle  is  related  to 
the  lateral  part  of  the  retina,  the  crossed  bundle  mainly  to  the 
medial  part  of  the  retina. 

In  von  Gudden 's  time  the  embryological  studies  which  had 
been  made  threw  but  little,  if  any,  light  upon  the  topic  under 
discussion.  Whereas  von  Mihalkovics  and  von  Kolliker  had 
assumed  total  decussation  from  the  mode  of  development,  von 
Baer,  on  the  contrary,  thought  that  the  mode  of  origin  of  the 


♦  Nicati,  W.  De  la  distribution  des  fibres  nerveuses  dans  le  chiasma  des 
nerfs  optiques.  Arch,  de  physiol.  norm,  ct  path..  Par.,  2.  s.,  t.  t  (1878),  pp. 
658-678. — Preuve  experimentale  du  croisement  incomplet  des  fibres  nerveuses 
dans  le  chiasma  des  nerfs  optiques ;  section  longitudinale  et  m6diane  du 
chiasma  non  suivie  de  cecite.  Compt.  rend.  Acad.  d.  Sc.,  Par.,  t.  Ixxxvi 
(1878),  pp.  1472-1474;  also,  Centralbl.  f.  d.  med.  Wissensch.,  Berl.,  Bd.  xvi 
(1878),  S.  449. 
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chiasm  was  consonant  with  semi-decussation.  I  have  recently 
(1898),  through  the  courtesy  of  Prof.  Mall,  examined  the  optic 
paths  of  several  human  embryos  cut  in  various  planes  (sagittal, 
coronal,  horizontal),  but  have  found  the  relations  so  complex, 
even  in  faultless  serial  sections,  that  I  can  not  decide  from  the 
appearances,  at  least  in  these  carmine  preparations,  whether  or 
not  the  decussation  is  partial  or  total.  A  lateral  bundle  can  be 
seen  passing  from  the  optic  nerve  through  the  chiasm  well 
toward  the  tractus  opticus  of  the  same  side,  but  one  is  not  jus- 
tified in  asserting  from  these  sections  that  it  actually  enters  it 
to  be  distributed  to  the  optic  centres  on  the  same  side.  What 
strikes  one  most  in  the  study  of  embryonic  tissues  is  the  inti- 
mate relation  of  the  optic  chiasm  and  of  the  optic  tracts  to  the 
basal  plate  of  the  diencephalon.  I  should  not  be  surprised  if  it 
should  turn  out  that  a  considerable  number  of  fibres,  possibly 
of  no  mean  significance,  run  into  the  base  of  the  brain  from 
the  chiasm  and  optic  tracts,  to  end  there  without  passing 
through  the  whole  length  of  the  latter  to  the  regions  usually 
designated  as  the  optic  centres  (lateral  geniculate  body,  pul- 
vinar,  superior  colliculus  of  corpora  quadrigemina).  Thus  far, 
studies  with  Golgi's  method  have  not  succeeded  in  demonstrat- 
ing the  partial  decussation,  though  much  is  to  be  hoped  from 
its  application  to  the  study  of  embryonic  tissues,  especially  if 
Bom's  method  of  reconstruction  be  used  in  connection  with  it. 

Since  the  death  of  von  Gudden,  von  Michel  has  reiterated 
his  former  statements,  and  has  received  substantial  support 
from  the  Nestor  of  German  histologists,  von  Kolliker,  of  Wurz- 
burg. 

At  the  meeting  of  the  Anatomical  Congress  in  Berlin  in 
1896  von  Kolliker,  on  the  ground  of  his  own  studies  and  of  a 
careful  control  of  von  Michel's  preparations,  stated  that  he  had 
come  to  the  conclusion  that  the  optic  nerves  undergo  complete 
decussation  in  the  chiasm  in  man  and  in  tlie  dog,  cat,  fox,  and 
rabbit.  Curiously  enough,  this  statement  met  with  scarcely  a 
dissenting  voice.  Von  Kolliker,  later,  in  his  text-book  de- 
scribed fully  his  findings,  and  reviewed  at  considerable  length 
the  bibliography  of  the  subject.*  On  the  whole,  he  confirms 
the  statements  of  von  Michel  and  urges  the  necessity  of  ana- 


♦  von   KSlIiker,  A.     Ilandbuch  der  Gewebelehre,    15d.  ii,  llalfte  ii,   S. 
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tomical  demonstration  of  the  uncrossed  bundle.  He  denies 
the  alleged  results  of  the  study  of  secondary  degenerations, 
and  emphasizes  that  decussation  is  not  a  necessary  postulate 
for  the  explanation  of  physiological  findings,  and  that  even 
were  it  apparently  impossible  to  explain  all  known  physio- 
logical facts  without  the  assumption  of  a  partial  decussation 
anatomists  would  not  be  justified  in  admitting  decussation  in 
the  chiasm  until  it  had  been  actually  demonstrated  by  ana- 
tomical methods. 

Gruetzner,*  in  the  summer  semester  of  1806,  undertook  to 
restudy  the  whole  subject  by  the  methods  of  the  investigators 
who  had  preceded  him  and  by  special  methods  devised  by  him- 
self. From  his  own  work  and  from  a  consideration  of  that  of 
others  he  concludes  that  only  a  part  of  the  fibres  of  the  optic 
nerves  cross.  lie  made  models  of  the  chiasm  in  which  he  made 
half  the  fibres  cross,  while  the  other  half  passed  through  un- 
crossed into  the  optic  tract  of  tlie  same  side.  lie  then  dehy- 
drated these  models  and  imbedded  them  in  paraffin  and  cut 
them  into  horizontal  sections.  In  the  sections  he  could  make 
out  only  fibres  which  crossed,  although  he  knew  perfectly  well 
that  only  half  of  the  fibres  actually  crossed.  He  concludes, 
therefore,  that  the  microscopical  study  of  horizontal  sections  is 
absolutely  of  no  value  for  the  decision  of  the  question  whether 
or  not  all  of  the  fibres  actually  cross  in  the  chiasm. 

In  the  human  case  studied  by  Siemerling,f  in  which  one 
optic  tract  was  completely  destroyed,  there  was  diminished 
sharpness  of  vision  in  the  opposite  eye,  but  the  patient  could 
still  see  with  the  temporal  side  of  his  retina.  This  could  not 
have  been  possible  had  there  been  complete  decussation  of  his 
optic  nerves.  Nor  are  the  experiments  of  Munk  J  or  the  clin- 
ical pathological  observations  of  Baumgarten,  Marchand,  and 
others  {vide  supra)  compatible  with  the  assumption  of  total 
decussation. 

*  Gruetzner,  P.  Kritische  liemcrkungcn  uebcr  die  Anatomie  des  Chiasroa 
opticum.     Deutsche  mcd.  Wchnschr.,  Berl.,  Bd.  xxiii  (1897),  S.  2. 

f  Siemerling,  E.  Ein  Fall  guinmOser  Erkrankung  dcr  Hirnbasis  init 
Betheilignng  des  Chiasma  nervorum  opticorum.  Ein  Beitrag  zur  Lehre 
vom  Faserverlauf  im  optisehen  Leitungsapparat.  Arch.  f.  Psychiat.  und 
Nervenkr..  Berl.,  Bd.  xix  (1888),  S.  401-437. 

X  Munk,  H.  Zur  Physiologic  der  Grosshirnrinde.  Arch.  L  Anat.  u. 
Physiol.     Physiol.  Abtli.,  Leipz.  (1878).  S.  162-178. 
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The  ingenious  experiments  of  Pick,*  so  far  as  they  go,  tend 
to  confirm  the  results  of  von  Kolliker.  This  investigator,  work- 
ing with  the  rabbit,  destroyed  circumscribed  areas  of  the  retina 
by  means  of  a  galvano-caustic  needle,  and  subsequently  studied 
the  optic  nerve,  the  optic  chiasm,  and  the  optic  tract  with  the 
aim  of  establishing  the  topographical  relations  which  exist  be- 
tween the  retina  and  the  optic  nerve  on  the  one  hand  and  the 
chiasm  and  the  optic  tract  on  the  other.  His  results  led  him 
to  conclude  that  the  relations  are  very  simple,  the  relative  po- 
sition of  the  fibres  in  the  cross  section  of  one  optic  nerve  cor- 
responding in  toto  to  that  of  the  transverse  section  of  the  optic 
tract  of  the  opposite  side.  The  dorsal  and  ventral  fibres  of  the 
optic  nerve  are  the  dorsal  and  ventral  fibres  of  the  opposite 
tract,  and  in  the  same  way  the  lateral  and  medial  fibres  of  the 
nerve  occupy  the  same  relative  positions  in  the  optic  tract  of 
the  opposite  side.  His  studies  were  carried  out  by  the  method 
of  March i.  It  is  highly  desirable  that  his  results  be  controlled, 
and  that  studies  by  the  same  method  be  carried  out  on  animals 
higher  than  the  rabbit  in  which  there  is  evidence  of  a  larger 
fasciculus  non-cruciatus.  In  the  rabbit  the  uncrossed  bundle, 
if  it  exists,  is  very  small,  and  von  Gudden  missed  it  in  his  earlier 
studies.  The  monkey  would  be  a  particularly  suitable  animal 
for  the  prosecution  of  such  a  research. 

Most  interesting  in  this  connection  are  the  painstaking  and 
extensive  studies  of  the  Swedish  investigator  Henschen.f  He 
has  been  able  to  accumulate  a  large  amount  of  human  material, 
which  he  has  studied  clinically  and  worked  up  pathologically 
with  care.  On  analyzing  his  results  he  has  compared  his  findings 
thoroughly  with  the  cases  recorded  in  the  bibliography,  and 
comes  to  important  conclusions  regarding  the  localization  of  the 
bundles  in  the  optic  nerve,  in  the  chiasm,  and  in  the  tract,  and 
the  relations  of  these  to  the  higher  centres.     His  publications 

*  Pick,  A.  Untersuchungen  ueber  die  topographischen  Beziehungen 
zwischen  Retina,  Opticus  und  gckreuzten  Tractus  Opticus  beim  Kaninchen. 
Nova  acta  der  Kaiserl.  Leop-Parol.,  Deutschen  Academic  der  Naturfttrscher, 
Bd.  Ixvi.  Abstract  in  Neurologisches  Centralbl.,  Bd.  xx  (1896),  S.  691.  Cf. 
also  Pick  u.  Herrenheiser.  Untersuchungen  ueber  die  topographischen  Bezie- 
hungen zwischen  Retina,  opticus  und  gekreuzten  Tractus  opticus  beim  Ka- 
ninchen.    Halle,  1895. 

f  Henschen,  S.  R.  Klinische  und  anatomischc  Beitrftge  zur  Pathologic  des 
Gehims.    Zweiter  Theil,  Upsala  (1892),  S.  217  flf. 


Fio.  iM>T.— iriKSlizstioD  of  optic  fibres  (Henschcn). 
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represent  a  mine  of  rich  material,  and  must  be  consulted  by 
every  student  who  wishes  to  go  beneath  the  surface  in  this 
field.  In  Fig.  507  is  reproduced  the  plate  in  which  his  conclu- 
sions regarding  localization  are  epitomized.  The  fasciculus 
non-cruciatus  of  the  optic  nerve  (see  accompanying  figures) 
arises  in  the  main  from  the  temporal  side  of  the  retina.  It  fol- 
lows a  tolerably  isolated  course  as  far  as  the  chiasm,  occupy- 
ing the  latero-ventral  portion  of  the  transverse  section  of  the 
optic  nerve.  The  fasciculus  cruciatus,  on  the  other  hand,  is 
situated  more  medially  and  dorsally.  The  bundle  from  the 
macula  lutea  (fasciculus  macularis)  on  each  side  runs  in  the 
central  part  of  the  optic  nerve,  and  maintains  its  central  posi- 
tion in  the  optic  chiasm  and  in  the  optic  tract.  The  relations 
of  the  crossed  and  uncrossed  bundles  to 
the  inferior  and  superior  commissure  in 
the  optic  tract  will  be  sufficiently  clear 
from  the  diagrams  if  the  legends  be 
consulted. 

The  researches  by  Marchi's  method, 
carried  out  by  Singer  and  Miinzer  *  and 
Ramon  y  Cajal,f   support  the  doctrine    Fio.  508.— Abaence  of  optic 

-        _,.   ,  J  ,.  T^  •  •    i  1  1         chiasm.     (After  Andreas 

Of  partial  decussation,  i^ven  in  the  rat  VesaiiuH ;  taken  from  a. 
and  mouse,  in  which  it  has  been  gener-  ^n'l^'"fi^re^^t^r^o^' 
ally  supposed  that  decussation  in  the       quoshicdescnbimusduc- 

,  .  •      X    i   1      -r*        '  i^    •   1         t"s  exprimitur.    ac,  cere- 

OptlC    chiasm    is   total,    Kamun  y    Lajal         bri  portiunculam  indicat. 

finds  an  uncrossed   bundle,  and  states 

that  it  goes  only  to  the  lateral  geniculate  body  of  one  side, 
while  the  crossed  bundle  goes  to  the  lateral  geniculate  body 
and  also  to  the  superior  colliculus  and  the  thalamus. 

We  must  conclude,  therefore,  from  the  evidence  before  us, 
that  as  a  rule  the  decussation  in  the  optic  chiasm  in  man  and 
of  higher  animals  is  partial,  not  total.  That  in  individual  cases 
there  may  be  considerable  variation  seems  certain.  Even  in 
the  anatomy  of  Vesalius  we  find  a  human  case  reported  in 
which  the  optic  chiasm  was  entirely  absent  (Fig.  508),  the  right 
optic  nerve  going  bodily  over  into  the  right  optic  tract,  and 

♦  Singer  and  Mftnzer.  Beitrftge  zur  Kenntniss  der  Sehnervenkreuzung. 
Wien,  1888. 

t  Ram6n  y  Cajal,  S.     Ann.  de  la  Socied.  Espanola  di  hist.,  nat.,  2.  Ser., 
t  iii  (1894),  p.  236. 
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Henle  *  has  collected  a  number  of  such  cases  from  the  bibli- 
ography. It  is  not  impossible  that  occasionally  there  is  actually 
complete  decussation  in  the  chiasm,  in  which  event  we  should 
expect  total  amblyopia  in  the  opposite  eye  (instead  of  hemian- 
opsia involving  the  two  eyes)  to  follow  upon  lesion  of  one  optic 
tract.  The  rarity  of  such  observations  is,  however,  very  strik- 
ing, especially  since  the  exact  studies  concerning  hemianopsia 
have  been  inaugurated.  Between  these  two  possible  extremes 
of  no  decussation  and  total  decussation  there  may  be  all  sorts 
of  degrees  of  decussation,  the  most  frequent  proportion  of  un- 
crossed to  crossed  fibres  in  man  probably  being  about  as  1 :  2  or 
as  3  :  5. 

The  optic  tract  on  each  side  behind  the  chiasm  runs  around 
the  cerebral  peduncle  of  the  same  side  and  arrives  at  the 
junction  of  the  mesencephalon  with  the  diencephalon,  where  it 
divides  into  two  distinct  roots,  (1)  a  lateral  root  and  (2)  a  me- 
dial root  (Fig.  509). 

The  optic  tract  on  the  right  side,  for  example,  includes  the 
fasciculus  cruciatus  from  the  left  optic  nerve,  the  fasciculus 
non-cruciatus  from  the  right  optic  nerve,  fibres  of  the  commis- 
sura  superior  Meynerti,  fibres  of  the  commissura  inferior  Gud- 
deni,  fibres  of  the  direct  hemispheric  bundle  of  von  Gudden,  a 
certain  number  of  centrifugal  fibres  running  from  the  higher 
centres  of  the  retina,  and  possibly  fibres  of  still  other  cate- 
gories. 

The  fibres  of  the  lateral  root  of  the  optic  tract  include  the 
centripetal  and  centrifugal  fibres  connected  with  the  retina,  and 
terminate  (or  in  case  of  the  centrifugal  fibres  have  their  origin) 
in  the  lateral  geniculate  body,  in  the  pulvinar  of  the  thalamus, 
and  in  the  superior  colliculus  of  the  corpora  quadrigemina. 
In  these  centres  the  terminals  of  the  optic  neurones  of  the  sec- 
ond order  come  into  conduction  relation  with  the  cell  bodies  and 
dendrites  of  the  optic  neurones  of  the  third  order.  Of  the 
optic  neurones  of  the  third  order,  those  in  the  lateral  genicu- 
late body  and  the  pulvinar  send  their  axones,  in  large  part  at 
least,  to  the  visual  area  in  the  occipital  cortex,  while  those  in  the 
superior  colliculus  of  the  corpora  quadrigemina  send  their  ax- 
ones in  large  part  to  enter  into  conduction  relation  with  neu- 


♦  Ilcnlc,  J.     Ilamlbuch  der  systeuiatischeii   Anatomie   des  Menschen. 
Xervonlehro  (1879),  S.  393. 


QROUPIKG  AND  CHAINING  TOGETHER  OF  NEURONES.     797 


rones  which  throw  the  eye-muscle  nuclei  under  their  influence 
(vide  infra). 


Flo.  809.— A  portion  of  the  right  cerebral  heniisphcre  resting  on  the  polus 
ftuiitolig.  tu  illuHtrate  the  hwiiti  ceri'bri.  lAfter  J.  Ileiilc.  Handbuch  der 
!(en\'n1rhreiletiMen>when.  II.  Aull.,  Braan«.-h.,  1NT9,  S.  ISS,  Fig.  SO.)  Bca. 
hrachiatn  quadrigt^ininuni  HUprriUH ;  Brp.  hrachitim  iitiadrigeminum  inferius ; 
Cfb.  pcdunculiiH  wn-bri ;  Cgl.  ciirpiu  genii'ulatum  lati'mlt';  Qim.  corpus 
gcniculatum  meiliale  ;  (in.  bnichiuni  roiijuiii'tivuni ;  (Vi.  vhiiunna  optirum ; 
(W.  collirulus  iiifcriiir :  r^'.  collit-ulus  sui>eri<ir :  /.,  lvmniM'U!> ;  Pr,  puivinar 
of  thnluiiuH;  Spa.  nubiilantiii  perfiinita  unti-rior;  St,  stris  bTminalis;  //', 
tni<;tuii  optieos.  The  radix  mediatis  and  the  radix  lateraliH  are  well  illuB- 
t(at4!d  ;  t.  etit  MUrfare  of  lip  cif  lempvml  lobe  which  has  been  irnioved. 

The  lateral  geniculate  boily  and  the  eiiperior  colliculus  of 
the  corpora  quadrigemina  have  accordingly  been  designated, 
especially  by  the  German  writers,  as  "  primary  optic  centres  "  in 
the  brain.  This  dfsignation  is,  however,  not  wholly  suitable, 
for  we  have  seen  that  the  peripheral  optic  neurones  correspond 
to  the  bipolar  cells  of  the  retina,  and  the  ganglion  cells  of  the 
retina  really  represent  a  part  of  the  brain.  It  would  be  much 
more  logical,  therefore,  to  designate  the  ganglion  cell  layer  of 
the  retina  as  the  primary  optic  centres  of  the  brain,  and  to 
name  the  lateral  geniculate  body,  the  pulvinar,  and  the  superior 
coUiculuB  of  the  corpora  quadrigemina  the  "  secondary  optic 
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centres  "  of  the  brain ;  for  it  is  obvious  that  the  ganglion  cell 
layer  of  the  retina  corresponds  to  the  nucleus  funiculi  gracilis, 
and  the  nucleus  funiculi  cuneati  of  the  general  sensory  path  and 
the  termination  of  the  optic  tract  in  the  superior  colliculus  and 
the  lateral  geniculate  body  corresponds  to  the  terminations  of 
the  medial  lemniscus  in  the  mesencephalon  and  in  the  dien- 
cephalon  respectively.  The  neurones  extending  between  the 
lateral  geniculate  body  and  the  cortex  would,  for  the  visual  path, 
therefore,  be  the  analogues  of  the  sensory  neurones  of  the  third 
order  of  the  general  sensory  path  extending  between  the  ven- 
tro-lateral  group  of  nuclei  of  the  thalamus  and  the  cerebral 
cortex. 

The  exact  areas  occupied  in  the  optic  centres  of  the  mesen- 
cephalon and  diencephalon  by  the  terminals  of  the  fibres  of  the 
lateral  root  of  the  optic  tract  have  been  demonstrated  by  the 
degeneration  experiments  of  von  Monakow.  After  enucleation 
of  both  eyes  in  the  new-born  puppy,  this  observer  found,  on 
killing  the  animal  at  the  end  of  six  months,  that  the  gelat- 
inous substance  of  a  large  part  of  the  lateral  geniculate  body 
— that  portion  of  it  which  he  designates  a — undergoes  degener- 
ation. This  substantia  gelatinosa  consists,  in  the  main,  of  the 
terminal  branches  of  the  fibres  of  the  optic  tract. 

In  the  dog  von  Monakow  divides  the  lateral  geniculate  body 
into  several  nuclei — a,  «„  ^,  ^i,  and  v,  the  ventral  nucleus.* 
While  a  few  of  the  optic  fibres  apparently  terminate  in  «,  ^,  ^„ 
and  in  the  ventral  nucleus,  by  far  the  majority  of  them  end  in  «,» 
the  dorso-caudal  part  of  the  lateral  geniculate  body  (Fig.  510). 

The  fibres  going  to  the  pulvinar  from  the  lateral  root  of  the 

optic  tract  in  the  dog  are  distributed  to  the  superficial  part  of 

the  dorsal  zone. 

i;;i  The  fibres  of  the  lateral  root  of  the  optic  tract  which  go  to  the 

1^^  superior  colliculus  correspond,  so  many  have  thought,  to  the  su- 

j  jl{  perficial  white  matter  of  that  body  (von  Gudden,  Forel,  Ganzer,t 

l*>i  

|jK|  ♦  Monakow  divides  the  corpus  geniculatum  laterale  in  the  dog  into  two 

.^Jji  i  main  parts — (1)  den  Sehsphdrennntheil  {a,  b,  bu  and  r),  and  (2)  den  Retina- 

''?]•  I  anlheil  (a,). 

•*  J ;  '  f  Ganscr,  S.     Ueber  die  Anatomie  des  vorderen  HQgels  vorn  Corpus  quad- 

'J'  '  rigominum.   Arch.  f.  Psychiat,  und  Nervenkr.,  Berl.,  Bd.  xi  (1880),  S.  27&-281. 

■Ai  — Ueber  die  periphere  und  centrale  Anordnung  der  Sehnervenfasem  und 

*\^  '  ueber  das  Corpus  bigeininum  antcrius.     Arch.  f.  Psychiat.  und  Nervenkr.^ 

\\\  '  Berl.,  Bd.  xiii  (1882),  S.  341-381. 
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von  Monakow,*)  although,  as  Tartuferi  has  pointed  out,  the 
most  medial  part  of  the  superficial  white  matter  belongs  to 
another  system  of  fibres,  and  recently  it  has  seemed  more  likely 
that  the  optic  fibres  are  those  which  assume  an  antero-posterior 
direction,  just  beneath  the  cappe  cineree. 

The  lateral  geniculate  body  in  man,  especially  in  horizontal 
sections,  is  heart-shaped,  the  apex  being  directed  forward.  The 
appearance  is  very  characteristic.  The  mass  consists  of  alter- 
nating, somewhat  irregular  layers  of  gray  and  white  substance, 
(Fig.  511)  the  white  matter  consisting  of  optic  tract  fibres  in 
the  main  and  partly  of  the  medullated  axones  which  pass  from 
the  lateral  geniculate  body  into  the  optic  radiations  to  pass  to 
the  cerebral  cortex.  The  gray  matter  of  the  nucleus  contains 
cell  bodies  and  dendrites  of  the  optic  neurones  of  the  third  order. 
In  man,  probably  80  per  cent,  of  the  fibres  of  the  optic  tract  end 
in  the  lateral  geniculate  body  (von  Monakow).  The  endings  of 
the  fibres  of  the  optic  tract  in  the  lateral  geniculate  body  have 
been  studied  by  Golgi's  method,  by  P.  Ram6n,t  von  Kulliker,J 
and  Ramon  y  Cajal.*^  The  terminations  of  the  optic  fibres  in 
the  lateral  geniculate  body  of  the  newborn  cat  are  well  shown 
in  the  accompanying  figure  taken  from  Ramon  y  Cajal's  article 

♦  The  principal  contributions  of  von  Monakow  as  regards  the  optic  nerve 
and  optic  centres  are  the  following:  Experiment^lle  und  pathologisch-ana- 
toinische  Untersuchungen  iieber  die  Beziehungen  dcr  sogenannten  Schsphftre 
za  den  infracorticalen  Opticuscentren  und  zum  N.  opticus.  Arch.  f.  Psychiat. 
u.  Xervenkr.,  Berl.,  Bd.  xiv,  S.  699,  and  Bd.  xvi,  S.  151,  317. — Einiges  ueber 
die  Trsprungscentren  des  N.  opticus  und  ueber  die  Verbindungen  derselben 
mit  der  Sehsphare.  Arch.  f.  Anat.  u.  Physiol.,  Physiol.  Abth.,  Leipz.  (1885), 
S.  329. — Experimentelle  und  path.-anatomische  Untersuchungen  ueber  die 
optischen  Centren  und  Bahnen  (Xeue  Folge).  Arch.  f.  Psychiat.  u.  Nervenkr., 
Berl.,  Bd.  xx,  S.  714. — Experimentelle  und  path.-anatomische  Untersuch- 
ungen ueber  die  optischen  Centren  und  Bahnen  nebst  klinischen  Beitrftgen 
zur  corticalen  ITemianopsie  und  Alexie  (Neue  Folge).  Arch.  f.  Psychiat.  u. 
Nervenkr.,  Berl.,  Bd.  xxiii,  S.  609 ;  Bd.  xxiv,  S.  229. 

t  Ramon.  P.  (1)  Gaceta  sanitaria  de  Barcelona,  iii  (1890),  No.  1,  p.  10;  (2) 
Investig.  sobre  los  centros  opticos  de  los  vertebrados,  Tesis  del  doctorado 
(18J)0);  (3)  FJencefalo  de  los  reptiles,  Barcelona  (1891),  pp.  11-22;  (4)  Invest 
en  el  encefalo  de  los  batracios  y  reptiles,  cuerpos  geniculados  y  tubcrculos 
cuadrigeminos  de  los  manifcros.     Zaragoza  (1894). 

X  von  KOUikor,  A.  Verhandl.  d.  anat.  Gesellsch.,  Jena  (1895),  S.  16;  also 
Ilandbuch  der  Gewebelehre  des  Menschen.    Leipz.  (1896),  Bd.  ii,  S.  585  ff. 

•  lliunun  y  Cajal,  S.  Beit  rag  zum  Studium  der  Medulla  Oblongata,  des 
Kleinhirns  und  des  Ursprungs  der  Gehirnnerven.  Deutsch  von  Bresler. 
Leipz.  (1896),  S.  101  ff. 
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(Fig.  512).  The  terminations  of  the  optic  fibres  in  the  pul- 
vinar  of  the  thalamus  are  well  illustrated  in  von  K5lliker's  cut 
(Fig.  513).     From  the  manifold  divisioiis  of  the  terminals  of 
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the  optic  fibres  it  is  obvious  that  a  single  fibre  must  come  into 
contact  relation  with  the  cell  bodies  and  dendrites  of  many 
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I  of  a  higher  order.  For  a  minute  deBcription  of  the 
terminals  of  these  fibres  the  original  articles  of  these  investi- 
gators must  be  consulted. 


"/.I 

Fio.  613. — ^Lowi'T  portion  of  corpna  Ktnlcnlittiiin  latcnil*  <if  ft  npirborn  cat. 
(After  ft.  KhdiAd  ;  (^m1.  BvitiBK  zum  Studium  der  Mediitls  (thiungata,  etc., 
Bnxlor.  Lvinz..  ISM.  H,  104.  Fife.  S*  A.)  A,  nptir  flhn.'g  riirmiiiK  aomcwbat 
flattcnt'il  i-ncl  nTburizutimix :  B,  optic  tihifs  tcrminnliDB  in  raiddlc  level :  C 
and  D,  optic  fibrpH  trith  very  ciiiM-ly  intiTWOven  piiii  arborlmtiiinti  Hituated 
in  till'  dvplh  :  E,  bundle  of  central  iiptii^  path  :  F.  fibres  runtinuouB  with  the 
tiHctUK  opticus  ;  the  IcIIit  £  corrcBixinds  to  the  lower  pinlion  of  tlie  eoriius 
tlt'iiii'U latum  luti'ralu. 

Von  Moiiakow  believes  that  between  the  terminals  of  the 
fibres  of  the  optic  tract  in  the  lateral  geniculate  body  and  the 
cell  bodies  and  dendrites  of  the  neurones,  the  axones  of  which  go 
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into  the  optic  radiatioQa,  Golgi  cells  of  Type  II  are  intercalated. 
He  thinks  that  otherwise  it  is  difficult  to  explain  the  findings 
in  cases  of  hemianopsia. 

A  certain  number  of  optic  fibres  hare  long  been  known  to 
stand  in  intimate  relation  to  the  white  matter  of  the  coUiculus 
superior  of  the  corpora  quadrigemina.  Thanks  to  the  researches 
of  Ramon  y  Cajal  *  and  van  Gehuchten,!  the  proof  was  brought 


Fio.  S13.— Golgi  prpparatioD  from  the  pnlvinar  of  a  mouw  five  days  old.  One 
Urge  iniiltipoliir  cell,  H-ith  iW  nxuiit.  is  viBtblp.  (AfUr  A.  van  Kfillitcer, 
Handbucli  dcr  (tewl*lclirq,  Bd.  ii.  I#ipi..  18B6.  8.  585,  Fig.  6B6.)  The 
tenoiualB  of  tliB  tnu-tus  optiuuB  sru  visible. 


that  the  axones  which  terminate  here  in  the  superficial  gray 
layers  are  those  of  optic  fibres  which  have  their  origin  in  the 

*  RAm6n  y  Cajal,  S.  Sur  U  fine  structure  du  lobe  optiqiie  des  oiseaux 
et  Bar  I'origine  reelle  des  nerfs  optiques.  [Transl.  from  R«v.  trim.  <le  histol., 
1889.]  Intemat.  Monastcbr.  I.  Anat.  u.  Physiol.,  Leipz,,  Bd.  vlii  (1891).  S. 
887-378. 

t  van  Gehuchten,  A.  La  strueture  des  lobes  optiques  chei  I'embrjon  de 
poulet.     Cellule,  Lierre  and  Louvain.  t.  viii  (1893),  pp.  1-43. 
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ganglion  cell  layer  of  the  retina.  Since  their  studies  our 
knowledge  of  this  region  has  been  extended  by  the  researches 
of  Tartuferi  and  Held.  The  endings  of  the  optic  fibres  sur- 
round ganglion  cells  whose  axones  partly  shorter  break  up  in 
the  superficial  gray  matter  immediately  on  entrance,  partly 
longer  run  radially  into  the  deeper  layers  of  the  superior  col- 
liculus  so  as  to  reach  the  same  regions  of  the  superior  coUiculus 
in  which  terminate  many  of  the  fibres  of  the  lateral  lemniscus. 

The  difference  in  significance  of  the  superior  coUiculus  for 
the  optic  paths  in  different  animals  has  been  emphasized  espe- 
cially by  von  Gudden  *  and  Edinger.f  In  lower  forms  the  optic 
lobes — that  is,  the  region  of  the  corpora  quadrigemina — are  the 
main  visual  organs.  In  higher  forms  the  corpora  quadrigemina 
appear  to  be  active  mainly  in  reflex  functions,  while  the  lateral 
geniculate  body  represents  the  way  station  in  the  visual  path  to 
the  occipital  cortex.  In  higher  mammals  it  seems  probable 
that  the  occipital  cortex  alone  takes  part  in  visual  perception, 
for  the  superior  coUiculus  can  be  destroyed  without  any  dis- 
turbance of  light  or  color  vision.  Phylogenetically  the  superior 
coUiculus  is  older  than  the  lateral  geniculate  body,  and  the 
latter  in  turn  than  the  occipital  cortex.  In  the  fish,  practically 
the  whole  of  the  optic  nerve  ends  in  the  roof  of  the  midbrain ; 
in  birds,  according  to  Edinger,  one  gets  a  differentiation  of  a 
mesencephalic  nucleus  (superior  coUiculus)  from  a  diencephalic 
nucleus  (lateral  geniculate  body),  and  in  them  for  the  first  time 
one  meets  with  a  genuine  occipital  cortex. 

The  medial  root  of  the  optic  tract  runs  into  the  medial 
geniculate  body  where  most  of  its  fibres  appear  to  terminate^ 
although  some,  according  to  Obersteiner,  may  pass  tlirough  the 
brachiiim  quadrigeminum  inferius  into  the  coUiculus  inferior. 
This  medial  root  of  the  optic  tract  has  no  connection,  as  von 
Gudden  proved,  with  either  retina,  nor  with  the  optic  centres 
of  the  mesencephalon  and  diencephalon.  It  consists  in  the 
main  of  the  commissura  inferior  (Guddeni),  which  extends  be- 
tween the  two  medial  geniculate  bodies.  It  therefore  prob- 
ably represents  a  commissure  in  connection  with  the  auditory 
system,  for,  as  will  be  seen  later,  tlie  medial  geniculate  body 

♦  Op.  eit. 

f  Edinger,  L.    Vorlesungen  ueber  den  Bau  der  nervOsen  Centralorgane. 
V.  Auflage,  Leipz.  (1895),  S.  268  ff. 
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and  the  inferior  coUiculus  of  the  corpora  quadrigemina  are  im- 
portant way  stations  in  the  auditory  conduction  path. 

This  medial  root  of  the  optic  tract,  and  the  inferior  com- 
missure of  von  Gudden,  are  well  isolated  by  extirpation  in  the 
new-born  of  both  eyes,  as  has  been  seen  above  (Fig.  510). 

The  view  of  Darkschewitsch  and  Pribytkow,*  that  von 
Gudden's  commissure  represents  a  crossed  connection  of  the 
medial  geniculate  body  with  the  nucleus  lentiformis,  is  sup- 
ported by  von  Bechterew,f  but  is  opposed  by  other  investigators. 

In  addition  to  the  commissura  inferior  Guddeni,  certain  other 
bundles  of  fibres,  some  of  which  may  be  connected  with  the  optic 
tract,  others  not,  have  to  be  considered  before  we  leave  this  portion 
of  the  optic  conduction  path.  These  are  the  commissura  superior 
Meynerti,  the  hemispheric  bundle  of  von  Guddeu,  the  commissura 
ansata  of  Hannover,  the  commissura  hypothalamica  anterior,  and 
the  tractus  peduncularis  transversus. 

The  commissura  superior  Meynerti  has  been  described  by  Mey- 
nert,J  Forel,*  and  von  Gudden.  |  In  the  middle  line  in  the  rabbit 
it  lies  almost  dorsal  from  the  optic  chiasm.  It  then  descends  ven- 
trally  and  becomes  visible  lateral  from  the  optic  tract,  first  looking 
narrow,  and  then  becoming  broader.  It  can  be  followed  lateral- 
ward  as  far  as  the  junction  of  the  medial  and  lateral  part  of  the 
base  of  the  cerebral  peduncle,  where  it  vanishes  from  view  (von 
Gudden).  In  human  beings  it  is  never  visible  except  in  sections, 
but  in  general  the  relations  are  the  same  (Figs.  514  and  515). 
Schnopf hagen  helped  to  confuse  investigators  in  that  he  designated 
Meynert's  commissure  as  the  inferior  commissure.  The  term  com- 
missura superior  should  be  applied  to  Meynert's  commissure,  and 
the  term  commissura  inferior  should  be  reserved  for  the  commissure 
of  von  Gudden.  The  ultimate  termination  of  the  fibres  of  Meynert's 
commissure  is  as  yet  not  known.  According  to  Darkschewitsch  and 
Pribytkow  the  commissura  superior  Meynerti  represents  a  tract 
connecting  the  nucleus  lentiformis  of  one  side  with  the  nucleus 

♦  Darkschewitsch,  L.,  und  G.  Pribytkow.  Ueber  die  Fasersysteme  am 
Boden  des  dritten  Hirnventrikels.  Neurol.  Centralbl.,  Leipz.,  Bd.  x  (1891), 
S.  417-429. 

f  von  Bechterew,  W.  Die  Leitungsbahnen  im  Gehirn  und  RQckenmark. 
Leipz.  (1894),  S.  103. 

X  Meynert,  T.    Strieker's  Handbuch,  iv  Ijief.,  S.  732. 

•  F*orel,  A.  Untersuchungen  Qber  die  Haubenregion  und  ihre  oberen 
VerknQpfungen  im  Gehime  des  Menschen  und  einiger  S&ugethiere,  mit  Bei- 
trfigen  zu  den  Methoden  der  Gehirnuntersuchung.  Arch.  f.  Psychiat.  und 
Nervenkr.,  Beri.,  Bd.  vii  (1877),  S.  481. 

I  Op.  cit. 
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hypothalamic  US  (corpus  Luysi)  of  the  opposite  side,  while  Flechsig 
assumes  that  it  represents  a  decussation  between  the  medial  lem- 
niacua  of  the  two  sides.  These  theories  of  its  nature  are  contradicted 
by  the  results  of  Mahaim's  investigations  of  secondary  degenera- 
tions in  human  beings.* 

CM 
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FlO.  M4.— TranHverHCKftinn  ofa  nnmiAl  h  man  |)t  I  aim  about  Iho  middle. 
<Afl«rB.  vonOulilen  (  moii  mclU  u  d  H  1 1  rluwH  Abhandlung.  Qraahpr, 
Wif*h.,  1886,  Tar.  ii».  V\k.  20.)  B.T.e..  hundk>  ti>  the  tuber  ciiicreum  ;  C*. 
rbiagma  opticuui ;  CM,,  cumminura  auivriur  Meyuerti. 


Fl«.  SIB.— RpTlion   from  tho  hrnin  of  a  I'liild  three  montlia  old.    WeiRvrt-nil 

Bn-pHration.  (After  W.  von  Bei-hUnw,  l>ic  IxiitiiiiKsbahmn  ini  Oehirn  and 
uckcnmsrk.  DvutMh  voii  R.  WtiiiWrg,  II.  Aufl.,  Liipi.,  1899,  S.  203.  flu. 
174.  >  e.eal.  corpus  esllufium  :  i^.  cliiamna  uptii'UDi :  rt,  ■■apnnla  interna  ;  elf. 
I'ommiiMirs  superior  HcTnerti ;  «r,  nueleiia  hyputhalaniieufl  (eurpiw  Luyn) : 
gp,  KlohUA  inllMaH '.  fnr.  flbTM  tnaa  tlic  nueleua  rulNTHiid  the  eontinuatiou 
of  the  brorhium  eraijanrtiniiu  ti>  the  kIoIiiih  pailidiiH  and  tii  the  thalaiDlii : 
((,  liriiiB  thahiini;  tro.  tiwtuH  iiptiiiM ;    I'm.  veiitrieulun  tertius. 


•  Mnhaim.  Albert,  Ein  Fall  v 
ipticiis  udJ  der  Regio  subthnlmni 
[IV  (\mi),  S.  34a-3H2. 


I  seeundaren  Erkraokuiig  des  Thalamus 
..     Arch.  t.  Psychiat.  uiid  K«rTenkr„  Bd 


H.S 


—Brain   of  rabbit  oper- 


QBOUPING  AND  CHAINING  TOGBTHBR  OP  NEURONES.      807 

The  hemispheric  btindte  of  von  Gtidden  *  lie  describes  as  a 
bundle  of  iibres  in  the  optic  tract  which  goes  over  to  the  moat  lat- 
eral part  of  the  base  of  the  peduncle,  that  portion  of  the  pes  which 
ties  nearest  to  the  tractus  opticus,  and  thence  enters  the  cerebral 
hemisphere.  Tliis  bundle,  von  Qudden  stated,  does  not  atrophy  on 
extirpation  of  the  eyes,  hut  disappears  after  extirpation  of  the  cer«- 
bral  hemisphere.  He  cites  especially 
the  experiment  of  Ganser,  who  in  the 
new-born  rabbit  destroyed  the  chiasm 
and  the  commissura  inferior  Guddeni, 
thus  leading  to  complete  atrophy  of 
the  corresponding  parts  of  the  optic 
tract  and  leaving  the  hemispheric 
bundle  uninjured  and  completely  iso- 
lated (Fig.  516).  Since  tliese  studies 
of  von  Gudden  and  Ganser,  however, 
but  little  has  been  added  to  our  knowl- 
edge of  this  bundle. 

Under  the  name  of  the  comtnia- 
aura  anaata  of  Hannover  von  Kolli- 
ker  describes  those  fine  iibres  seen  in 
horizontal  sections  through  the  chiasm 
cut  transversely  and  obliquely  on  its 
anterior  border.  In  sagittal  sections 
one  can  make  out  that  these  fibres 
descend  from  the  lamina  cinerea  ter- 
niinalis  and  from  the  gyrus  subcal- 
losus.  Some  authors  have  thought 
that  they  are  continued  into  the  optic 

The  cnntmissiira  kypothalantica 
anterior  (the  bundle  designated  by 
von  Gudden  as  B.  T.  c.)  was  first 
named  by  Ganser  the  decussatio  subth. 
to  von  Kulliker  it  runs  dorsalward  lateral  from  the  col 
the  fornix  and  tlien  becomes  lost  in  the  other  fibre  bundles  running 
in  the  same  direction  (ansa  lenticularis,  inferior  peduncle  of  the 
thalamus  and  portions  of  the  stria  mcduUaris)  (Fig.  517). 

The  tractua  peduncnlaria  tranaveraua,  according  to  von  Gud- 
den, is  a  bundle  beginning  in  front  of  the  superior  colliculus  and 
running  obliquely  over  the  base  of  the  cerebral  peduncle,  turning 
around  its  medial  border  to  sink  into  the  base  of  the  brain  in  front 
of  the  region  of  exit  of  the  nervus  oculo-motorius.  Von  Gudden 
stated  that  it  atrophied  entirely  in  the  rabbit  after  removal  of 

•  vou  Gudden,  B.  Op.  eit. 


aliMl  iip<)D  by  (iai 
miK  rpm  lived  uiid  the  tractus 
Br  till'  niidille  line 
L  III  this  vay  von 
Gudden 'h  homiBphcric  buoille 
or  the  optiu  trect  wax  Iwilated 
AH  a  hHiid  i>r  whitv  niath'T  which 
pasws  from  the  gurfaiM;  of  the 
i'iirpu»st'nirulatunilut(.'mleinto 
the  l)aM8  iH-duneuli.  (After  B. 
vun  (iiidili'n,  ncmmmcltc  uiid 
ItinterlnHH'ne  Abhiiiidlunjii'n. 
(iiashi-v.  Wiesb.,  1889.  Taf. 
iiiit.  Kilt.  S. )  II.  B.,  henii«- 
phvrir   bundlu    of    thu    tractua 


a  anterior.    According 
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both  eyes.  Its  significance  is,  however,  as  yet  but  imperfectly 
understood.  The  best  recent  description  b  that  of  von  Kolli- 
ker*  who  finds  three  tractus  peduaculares  tnmsversi  on  each 
aide  in  the  rabbit — a  main  bundle  and  two  accessory  bundles. 
This  author  states  that  the  main  bundle  arises  from  a  imall  round 


Fid.  SIT.— Prcmtnl  >n^ii>Ti  tlimuRh  the  human  livpnthnlnmuR.  Wpifcprt  ■taintng. 
(After  A.  v.in  K."illik,r,  Hanahnih  dir  Ui'wclicli-hn-,  Bd.  ii.  Uips..  IMW,  8. 
sm  FiR.  WM.)  .jr.  iiiMk  li'iitii-iitaiiH:  rW,  iMUiniiwtura  nnfaiiur  itrebri ;  fy. 
rolunina  foriilrU;  Cka,  vommiKtuira  hyiHithaliimiin  aiiU'riiir:  Ci.  otpnuU  in- 
ti-rna  ;  i'm,  i-iiiiiniiKHura  NiipiTior  Mi-yiicrti ;  H.  Ranicliiiii  ppticiim  baoile ;  Xaf, 
IK  uiiiw  piiIiiiirultiriK :  Pp.  imum  ptlimiiili :  tVi,  HtiiiiH  hirfriiir  thalami ' 


iiui'U'UK  uiiiw  piiIiiiirultinK:  rp,  InHiKnilii 
Th,  thatamus;   TV.u.  tmitiiH  iiiiHcuh;  J,  II, 


III,  n 


vivua  leiitifurmig. 


nucleus  which  liex  lateral  word  from  the  nucleus  ruber  at  the 
ventral  end  of  the  iiucleu.s  lateralis  posterior  tliolami  of  Nissl. 
He  believes  that  the  bundle  temjiiintes  in  the  superior  colticulus  of 
the  corpora  quadrigemina.  probably  in  its  deeper  layere.  Von  Bech- 
terew  t  derives  the  bundle  from  a  small  oblong  conical  mass  of 
gray  matter  which  lies  l>elween  the  nucleus  ruber  and  the  sub- 
stantia nigra  which  he  calls  the  nucleus  tractus  peduDcularis 
trans  vcrsi. 

We  may  next  properly  consider  the  cell  bodies  and  den- 
drites of  the  neurones  (optic  neurones  of  the  III  Order)  in  the 
centres  in  which  the  retinal  fibres  terminate  and  trace  the 
distribution  of  their  a^iones. 

The  lollictiliii'  »nperiiir  of  the  corpora  qnadrigemina,  so 
largely  developed  in  lower  animals,  la  but  rudimentary  in  man. 
On  section  one  can  make  out  in  it  a  distinct  stratum  zonalc  on 
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the  surface  beneath  which  is  the  stratum  griseum  coUiculi  supe- 
rioris,  which  in  turn  is  separated  from  the  stratum  griseum  cen- 
trale  (the  so-called  centrale  Hohlengrau  of  the  Germans)  by  the 
stratum  album  profundum.  The  general  disposition  of  white 
and  gray  matter  in  the  superior  coUiculus  will  be  clearest  if  we 
refer  to  sections  through  this  body  in  the  rabbit. 

The  stratum  zonale  consists  of  a  thin  peripheral  layer  of 
white  fibres  (von  Kolliker's  aeussere  weisse  Lage), 

The  stratum  griseum  colliculi  superioris  can  be  subdivided 
into  several  layers,  among  which  is  to  be  seen  the  so-called  mid- 
dle white  matter  (von  Kdlliker's  mittlere  weisse  Lage)  of  the 
superior  coUiculus,  which  may  with  propriety  be  designated 
the  stratum  album  medium.  These  white  fibres  assume  an 
antero-posterior  direction,  and  are  in  large  part  terminals  of 
optic  fibres  which  have  entered  the  coUiculus  superior  by  way 
of  the  brachium  quadrigeminum  superius.  The  superficial  layer 
of  gray  substance,  which  I  shall  call  the  stratum  griseum  super- 
ficiale,  is  narrow,  contains  relatively  few  ganglion  cells,  and  is 
of  rather  small  size.  This  is  the  so-called  cappa  cinerea  of  the 
superior  coUiculus  (von  KoUiker's  aeussere  graue  Zone). 

The  stratum  griseum  profundum  contains  a  relatively  large 
number  of  nerve  cells,  many  of  which  are  of  very  large  size. 
The  meduUated  axones  of  these  help  to  form  the  stratum  album 
profundum. 

Von  KoUiker  describes  the  gray  matter  between  the  stratum 
album  medium  and  the  stratum  album  profundum  as  the 
"middle  gray  zone,"  reserving  the  term  "deep  gray  zone" 
for  the  gray  matter  in  among  the  superficial  and  deep  fibres 
of  the  stratum  album  profundum  (Fig.  518).  In  the  nomen- 
clature of  Tartuferi,  the  stratum  album  medium  plus  the 
middle  gray  zone  of  von  Kblliker  become  the  strata  bianco- 
cinereo  superficiale^  while  the  stratum  album  profundum  with 
its  gray  matter  is  designated  by  him  the  strato  bianco-cinereo 
profunda. 

According  to  Ramon  y  Cajal,  the  most  important  optic 
fibres  ending  in  the  superior  coUiculus  come  from  the  zone  of 
antero-posterior  meduUated  nerve  fibres,  designated  above  as 
the  stratum  album  medium  (Tartuferi 's  strato  bianco-cinereo 
superficiale),  which  lies  beneath  the  peripheral  gray  cortex. 
Apparently  the  fibres  of  the  stratum  zonale  are  not  direct  con- 
tinuations of  optic  fibres,  since  after  extirpation  of  the  eye  no 
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degeneration  of  these  fibres  can  be  demonBtrated  bj  Marchi'a 
method.     Kamun   y   Cajal   Buggests  that  they  represent  end 


a.  MN. — t  noilul  mi  tmii  tlinnieh  lli<  i  iillii  ulnn  MiprriiiTor  Hir  nibliit.  StainiiuE 
by  Wi'wrtHiiiithiicl  (\rt>r  \  ti.ti  kcilllkir  IIntiillHuh  ilfr<Ii-w<hc.)rhrr. 
lb),  n.  1j  ])»  IIWH  S  411  hiK  ^Tl  fnr  Htratiim  KTiwuni  rrntnlpwilh 
itnuiiti'ftUn-Hiiiiil  ruiliHl  lihn^  a  miiicdurtiutn  n  l>ri  DA.dH-UHliohnK'hii 
fMiijuiii'lii  I  n  tiMiniUiH  iHtluiKulii-iuuniiiiillitrlK.  pan  IritinditHliii.  in 
(niiiKvi'iH  witiiin  <  tti  eHiiKlioiiinUrtHiliiniDlnrc  rn  hinnbiruH  imHliHlix: 
.Yr.   imi  li  iiH  riilH  r     lYm    riuvirullui  pituiicuUi-nuinimilbiri*.  pani  hmtilariii 


iiHiniiiillariiil      Bp 


iidhriilus  MipcTiiir:  i 
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arboriziitioriw  of  axonfs  which  arise  from  cells  in  the  cortex  of 
the  rolliculuB  itself. 

Ill  till*  ra/ijia  riiirrfii  of  Tiirtuferi.  besides  the  Hmall  conical 
sti'llate  or  spindle-shaped  cells  described  there  by  Tartuferi  and 
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P.  Ramon  y  Cajal,*  S.  Ramon  y  Cajal  describee  certain  other 
cell  types :  (n)  marginal  cells,  (b)  horizontal  spindle^haped 
cells,  (c)  small  cells  with  dendrites  directed  outward. 


Fid.  61B, — Transrerae  section  through  the  collicalus  suprrior  of  a  rabbit  piRht 
dayii  old.  <After  R.  Bam6n  j  <^b1,  Beitras  zuni  Sluilinm  der  Medulla 
(>blon){a(a.  cU:..  Bn'oler.  I>'ip^,  1896.  R.  30,  Fig.  7.)  A.  tarlace  at  middle 
line;  B,  lamina  grinea  snpcrHt-ifllis  (Tartufi^ri's  cnppa  cinersB) ;  ('.  layer  of 
<^tic  flhre«;  D,  layer  of  flhres  running  tTansversely  I'ftrtiiferi's  alrato- 
biancDcinen^o  prnfundo;  n.  martciiiikl  cclUi  A,  hoiizimtat  Bpindte  cells;  e, 
nme  kiod  of  cell  with  well-marlicd  axone:  d,  small  rell  with  complicated 
dendriC««:  c.  Tcrtiisl  spindle  cells-.  /,  g,  h,  diflerent  types  of  ceils  of  the  giay 
•oyer;  j,h,  Bpindle-shaped  typfs  of  cells  of  the  optie  hiyer;  M.  L.  cells  of  the 
l^er  of  transverae  Sbres;  n.  collstnnl  descending  toward  the  Btratuoi 
gmeum  ccntrsle  ;  a.  end  arborizatiuu  of  an  optic  fibre. 

The  axones  of  the  small  marginal  cells  (Fig.  519,  a)  are 
delicate;  they  run  downward,  but  their  termination  is  uncer- 


*  Ramon  y  Cajal,  P.  Investigacionca  ile  histologic  coniparoUa  en 
centros  de  la  vision  de  distintos  vert«brado3,  1890;  Invest igaciones  mici 
graflcas  en  el  encefslo  de  loa  batracioa  y  reptiles,  ciierpns  geniculado9 
taberculos  coadrigeminos  de  los  mamileros.    Zuragoza,  1804. 
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tain.  The  spindle-shaped  cells  placed  parallel  to  the  surface 
of  the  colliculus  show  polar  dendrites,  two  or  three  in  number, 
which  run  horizontally,  divide  once  or  twice  dichotomously,  and 
end  with  free,  somewhat  jagged  terminals  ^Fig.  519,  b).  Their 
axones  usually  arise  from  the  dendrites  and  also  run  horizon- 
tally, soon  breaking  up  into  a  number  of  small  branches  which 
are  distributed  in  the  first  layer.  They  appear  to  be  Golgi 
cells  of  type  II.  The  small  cells  with  dendrites  directed  out- 
ward are  triangular,  ovoid,  or  stellate  in  shape.  They  possess 
from  one  to  three  or  more  dendrites,  which,  branching  mani- 
foldly, form  an  irregular  complex  bundle  of  delicate  tortuous 
terminals.  The  dendrites  are  so  delicate  that  they  might  be 
taken  for  axones.  The  axones,  however,  descend;  tliey  are 
short,  but  little  branched,  and  reach  as  far  as  the  zone  of  optic 
or  antero-posterior  fibres  (Fig.  519,  d). 

The  ending  of  the  optic  fibres  has  already  been  described. 
The  axones  of  the  large  nerve  cells  of  the  stratum  griseum  pro- 
fundum  and  in  the  stratum  album  profundum  itself  pass  ven- 
tral ward  in  the  stratum  album  profundum,  bending  around  the 
gray  matter  whicli  surrounds  the  central  canal,  and  giving  ofF 
in  their  course  collaterals  to  the  adjacent  gray  matter.  As 
they  curve  they  often  undergo  T-shaped  division,  one  branch 
passing  dorsal  ward,  the  other  ventral  ward,  the  dorsal  branches 
terminating,  as  a  rule,  soon  after  their  origin,  a  few  of  them 
passing,  however,  to  the  superior  colliculus  of  the  opposite  side. 
The  ventral  branches,  along  with  the  undivided  axones,  unite 
to  form  the  curved  system  of  fibres  which  run  along  the  margin 
of  the  central  gray  matter  (Held).  These  arched  fibres  pass 
ventral  to  the  fasciculus  longitudinalis  medialis  and  nucleus  N. 
oculo-motorii  as  far  as  the  middle  line,  where  they  decussate,  as 
Held  has  shown,  with  similar  fibres  from  the  opposite  side  in 
what  Forel  has  called  the  ^^fontaineartige  Haubenkreuzung  of 
Meynert."  The  fibres  then  pass  downward  toward  the  medulla, 
and  in  human  beings  soon  enter  into  the  fasciculus  longitudi- 
nalis medialis.  In  cats  and  rats  Held  found  it  forming  a  sepa- 
rate bundle  from  the  fasciculus  longitudinalis  medialis  for 
some  distance.  As  these  axones  pass  downward  they  give  off, 
from  different  regions,  collaterals  and  terminals  to  the  various 
motor  nuclei  which  innervate  the  eye  muscles,  a  fact  which 
accounts  for  the  eve  muscle  reflexes  which  result  from  retinal 
stimulation.     The   superior  colliculi   of    the  corpora  quadri- 
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gemina  appear  to  represent  the  central  organ  concerned  in  the 
control  of  the  eye-muscle  movements. 


The  corpus  geniculaUtm  laterale  is  a  part  of  the  metathala- 
mu3  of  the  thalamencephalon.     It,  together  with  the  pulvinar 


ro.  530, — Schtmiitic  frontal  Hpction  through  the  urripital  lobe.  (After  H. 
fbchs,  Dua  HeuiTsphun  iimark  <l<it  Mt nsi lilu hi-u  OrcuHliirnEt.  1.  DiT  Hintpr- 
hauptinppcn  Lcipz  ISU-i  S  6  Fie  3  1  r  toniu  pnit4Tiii3  vi-iitrii'iili  teti'mlin : 
f.e..  fisBUm  latiarma  i  Ujipir  diiiHiun  i  lowiT  diviniiin ;  f-nll.  wilcua  I'nl- 
iHtcralU  to  I  n\\<.\n  tmpitaliTi  xupi  nur  i  fiiwiira  inrfrpHrictuliHi ;  k.o.II, 
gulriia  occipitalis  nii><lim_  «  o  ///  ™ii  ii»  nctipitalin  infr nor  ;  i:.a..  calcar  avis ; 
i.a.,  jzyrui*  (MTipi talis  HUperiitr^ 
«ipitulis  iiifcriiir:  •',.  cuiicuh; 
111 ;  ir..  Mtmtiiiii  AlKitlali-  rx- 
■i  traiinverHiim  ;  I " 
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of  the  thalamiiB,  represente  the  main  termination  of  optic 
fibres  in  the  diencephalon,  The  general  characters  of  the 
lateral  geniculate  body  have  already  been  described  (vitle  supra). 
The  gray  matter  inside  the  lateral  geniculate  body  in  human 
beings  is  known  ua  the  nucleus  corporis  geniculati  lateralis. 
The  majority  of  the  cells  situated  here  possess  axones  which 
run  out  through  the  radiutio  occipito-thalamica  (Gratiolcti)  to 


JWrnination  ofopth 
Curpiu  penfrularu  i(ar-ra(f 


t  (UMdppled)  Arta  mppli 


<J4t 


ilogit,  Wie 

t«rminato  in  the  cortex  of  the  occipital  lobe  of  the  hemisphere. 
The  medulkted  axones  extending  between  the  lateral  genicu- 
late body  and  the  cortex  pass  at  first  lateral  from  the  lateral 
geniculate  body  and  form  an  area  known  as  Wernicke's  field.* 
The  fibres  are  joined  by  others  from  the  pulvinar  and  from  the 
colliculus  superior  of  the  corpora  quadrigemina.  They  then 
turn  around  the  nucleus  candatus  and  the  lamina  semicircnlaris 
and  enter  the  optic  radiation,     drstiolet'a  radiation  forms  a 


1  Mooakow  calls  this  "  dna  tateratt  Mark  " 


'  the  lalerat  geniculate 
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large  sagittal  bundle  {stratum  sagittaU  internum  of  Sachs,* 
Fig.  520),  which  runs  all  the  way  back,  dorsal  and  lateral,  from 
the  comu  posterius  of  the  lateral  ventricle  to  the  cnneus. 

The  white  matter  of  this  region  includes  the  tapetam,  the 
genuine  optic  radiations,  and  the  so-called  fasciculus  longitu- 
dinalis  inferior.  The  relations  of  these  bundles  to  one  another 
are  well  shown  in  the  accompanying  diagrams  (Figs.  5^1,  523, 
and  533),  selected  from  von  Monakow.  The  medullated  axones 
from  the  lateral  geniculate  body  are  situated  in  the  occipito- 
thalamic  radiations,  ventral  from  those  arising  in  the  pulnnar. 
As  the  fibres  extend  toward  the  occipital  pole,  those  arising  in 
the  lateral  geniculate  body  tend  to  become  distributed  to  the 

Loifvltu  parieiuhM  tMj}trirtr   * 
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radiation,  etc  <AH«r  ('. 
82,  Fig.  W.) 

medial  surface  of  the  hemisphere,  especially  to  the 
the  region  of  the  calcarine  fissure  (Fig.  524). 

*  SacliB,  H.  Das  HemiKphBrenmark  dee  menschlichen  Grosshims.  1. 
Der  Hinterhauptlappen.  Arb.  a.  d.  psychiat  Elinik  in  Breslau,  Leipzig 
(1893). 
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A  superb  demonBtration  of  the  exact  position  of  the  axones 
from  the  cells  ia  the  lateral  geniculate  body  is  afForded  by  liori- 
zontal  sections  through  the  brain  of  a  newborn  babe.  At  this 
age, as  Flecheig  has  shown,  these  fibres  are  medullated,  while  all 
the  other  fibres  of  Gratiolet's  radiation  are  as  yet  non-medul- 
lated,  and  one  can  follow  them  as  a  very  definite  bundle  passing 
out  fan-shaped  from  the  posterior  superior  lateral  surface  back- 
ward as  fur  as  the  wall  of  the  ventricle,  and  upward  almost  to 
the  upper  border  of  the  thalamus.  This  bundle  has  been  called 
by  Fleclisig  *  the  "  optic  radiation  in  the  narrower  sense  "  to 
distinguish  it  from  firatiolet's  radiation,  or  the  "  optic  radiation 
in  the  wider  sense."  Flechsig  feels  sure  that  the  axones  from 
the  lateral  geniculate  body  {"  optic  radiation  in  the  narrower 
sense")  end  exclusively  in  the  wall   of  the  fissura  calcarina 
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20.  KiK.  lU.) 

(Fig.  b'i.'i).  He  assumes,  further,  that  these  fibres  represent 
the  indirect  continuations  of  the  fibres  from  the  macula  lutea. 
If  he  be  correct,  the  clinical  significance  of  the  fact  is  obvious. 
Hy  the  study  of  secondary  degenerations  the  relation  exist- 
ing between  the  lateral  geniculate  body  and  the  cortex  has 

*  KWhsig,  P.     Gfhirii  unci  Ah.Ic,  ii.  Aufl..  Lpipz.  (1806),  Aiiin,  29.  S.  72. 
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been  well  illustrated.  Yon  Monakow  has  shown  that  in  lesions 
of  the  occipital  cortex  in  man  involving  the  region  in  which 
the  occipito-thalamic  regions  terminate,  there  results  degenera- 
tion, with  absorption,  of  the  radiation  of  the  lateral  geniculate 


Fro.  K*. — Pinterior  fnrt  nf  Inft  ccrebnl  hemupherp ;  niodial  surTarp.  The 
H-ptuni  luc^jilum  hnii  Imm  removed  and  Ihe  peduiieulUK  cen'liri  ilit  tliruUKli 
cliM'  to  Ihe  thHlauiUH.  •Attvr  J.  Heiile.  Hunilliui'h  der  Ni-Tvcnlelire  ilea 
MeniM-lien.  II.  AuH..  UmnnMh..  18711,  8.  IM,  FIk.  109.)     r.  ('iiikhh  ;  Ctn.  vnr- 

tlu  luBlulnlllare ;  (*t.  rnim  Bvctiiiii  of  peduneiilUH  cereliri :  tW.  iriirpUB  lal- 
nuiu;  Cgl,  euriHiH  f^nielllatuni  Intenile;  fW,  einnnilRKiini  anteriiir  lereliri ; 
C^.  nilliculuB  Mippiiiir;  fV,  n)r|iiis  atrtotum  iQueleux  rauilatusi:  iW.  (k«'w 
dentata;  Fi,  flmmia;  Fhk,  fliMuni  valcarinK ;  Fbp,  Awura  parirtu-neeipitalii; 
Of,  (cynii  riiiguli;  llh,  tO'niH  liiplHmiilpi :  iih',  uhi'uhi  I'rr,  pnn'iiiii'iis ;  ^'u. 
ButMlanlia  niem  ;  Tap,  t!i|H'linn  ;  Th,  tlmlaniiiH  ;  7*".  tuU'rculinii  anhriiu 
thalHItii ;    I,  trartus  iiirHctorills :  II,  nervus  uptieiin. 

body,  and  the  ganglion  cells  of  the  lateral  geniculate  bod; 
atrophj,  and  finally  disappear  (Fig.  5!J6).  Von  Monakow  has 
further  shown,  by  repeated  experiments  on  animals,  that  extir- 
pation of  the  visual  sense  area  of  the  cortex  leads  to  degenera- 
tion and  disappearance  of  the  majority  of  the  p^anglion  cells  of 
the  lateral  geniculate  body.  The  changes  in  the  lateral  genicu- 
late body  under  these  conditions  are  in  marked  contrast  with 
those  which  occur  when  the  optic  tract  is  diseased  or  experi- 
mentally cut.  Whereas,  in  the  former  case,  it  is  the  ganglion 
cells  of  the  lateral  geniculate  body  and  the  white  matter  of 


TlIK   NERVOUS  SYSTEM. 


Wernicke's  tield  which  degenerate,  in  the  latter  instance  the 
gunglion  coUa  and  the  white  matter  of  Wernicke's  field  ore 


CnHimlut  tuperiar  rorp- 


Fiu  52n.— KcirizoiiUl  witioii  from  Ihr  hmiii  nfa  cliild  in  the  wcond  wtvk  of  lif«. 
(  AfUr  1'.  FI.-<.'hHiK.  (ii-liini  und  Sifl.-.  Uipt,  IHM,  Taf.  iii,  Fig.  4. )  C,  ddcIvu 
I'SUitHtUH;  P,  putHDii'ii ;  (Igp,  globuK  |iiilli<lua. 

practically  uninjured,  but  the  fibres  of  the  optic  tract  and  their 
terminals  (subBtantia  gelatinosa  of  the  lateral  genicnlate  body) 
vanish. 

The  region  of  the  pulvinar  in  which  the  optic-tract  fibres 
terminate  resembles  very  closely  in  its  histological  appearance* 
the  lateral  geniculate  body.  The  cell  bodies  situated  here  give 
off  axones  which  cntor  the  radiatio  occipito-thal amies  [Gratio- 
leti]  in  a  plane  dorsal  from  that  occupied  by  the  medallated 
axoues  from  the  lateral  geniculate  body. 
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Ab  to  the  exiBtence  in  man  of  neurones  with  cell  bodies 
situated  in  the  colliculus  superior  and  asones  extending  to  the 
vienal  sense  area  in  the  occipital  cortex,  there  is,  as  yet,  some 
doubt,  although  the  findings  in  the  superior  colliculus,  after 
disease  of  the  risual  sense  area,  would  lead  one  to  believe  that 
at  least  a  certain  number  of  such  neurones  exist.  It  is  probable 
that  the  cell  bodies  of  these  neurones  are  situated  in  the  stratum 
griseum  coUiculi  superioris,  and  that  the  axones  pass  by  way  of 
the  brachium  quadrigeminum  superius  and  the  radiatio  occipito- 
tbalamica  to  the  cortex.     Just  what    mpulaes  are  carried  by 


Fro  9S6  — Ncimuil  and  dcjcenenitrd  corpus  gen  nlati  m  aUra  After  C.  ron 
Honakow  (lehlmpntholoKlo.  Wieii,  tSBT  S  SSO  F  in.  88  and  89  A.  Nnr- 
nul  cfirpuB  fcenii'iiUtiim  lateralo.  B  Corpu  r  n  u  a  um  lateia  c.  itcRi-n- 
Fnt«l  after  exton^ve  Iraiini  ill  tlip  lohu  ten  pi  ra  in  and  hu  u  pitalisof 
the  left  side,    a,  mafoHW  of  iinult  fmi  R     n  ananKnl    n  layi  n,  shuwn 

■tmphtc  {ail)  in  B:  m,  Uimlna  mi^u  1  Ian*,  shown  atn>phk  im<l)  in  B;  ft,  ven- 
tral nuMiof  larxe  rh-meiitK;  lo.  tractUB opticus:  m',  donnl  nhito  cu|xu1e.  In 
FJjt.  B.-^(l.h»tofKiinirlmnci;l1)>iii  thedonwlln.viTs;  K  total  ilFHeri   "  "■ 


i>f  the  large  cells  in  the  ■ 


L'litml  n 


.    The  optic 


ruphic  in  B. 


these  fibres  does  not  yet  seem  clear,  for  in  man  the  superior 
colliculus  can  be  entirely  destroyed  without  any  recognizable 
disturbance  of  light  or  color  vision. 
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The  neurones  of  the  optic  paths  in  the  region  between  the 
terminations  of  the  optic  tract  and  the  occipital  cortex  have 
been  carefully  studied  by  Ramon  y  Cajal  in  the  mouse,  rat,  and 


Fki.  ItST.— Fnnitfll  spctiiin  tlimuvh  the  nuiilruH  habfniiliP  aiiii  the  thsUnius  of  m 
iirirbiini  luiiiDie.  i  After  S.  [biin6ii  y(H)ii1.  BfitruR  ztini  Stuilium  drr  Hrdulla 
OhlfinKBtn.  HrrNlcr.  I^'ipi!..  IKmLS.  lOS,  Pift- £<(.)  A.  tractuK  uplicUB:  A.ceo- 
Inil  ufilK  aith  ;  f.  piiluiiculiiii  n-n-liri  :  H.  biindiv  riilln'tiDti  t'"^  det'p  flbiM 
IVoiii  till- iIihIhuiuh;  £.  (iir]>iiH  Ki-niculatiim  IhIf ntlr  ;  f,  >trnhim  zuDnle  :  O. 
Tiiicli-iiH  liulH-iiutir :  II,  I'liminiwuTH  iiili'rhalK'iiiiUiris:  /.  rordUl  thHUmlR 
hiinillc:  J.  fHW'ii'uliiH  thnliinut-iuHiiiiiiillaiiH :  /..  foiwii'iiluB  thHliimo-niBininil- 
Urix  Vini  il'Aiyri  :  .V.-rnluiuiM  fiiniirh;  n.uxom'Kuf  thi' roniuB  genicubtuin 
liiti!nili>  istAnK  to  the  ii-ntral  uptic  |jHth  ;  b,  iln-p  hxodhi. 
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rabbit.*  Ram6n  y  Cajal  distinguishes  a  superficial  and  a  deep 
optic  path  extending  from  these  lower  centres  to  the  occipital 
cortex. 

The  superficial  path  arises  from  the  superficial  zones  of  the 
lateral  geniculate  body,  and  perhaps  from  the  region  of  the 
stratum  zonale  of  the  thalamus.  This  path  accompanies  in 
part  the  continuation  of  the  optic  tract  itself,  and  having 
arrived  at  the  pedunculus  cerebri,  turns  medial  ward  in  order  to 
enter  into  the  upper  portion  of  the  latter,  where  a  large  tri- 
angular bundle  exists,  sometimes  separated  distinctly  from  the 
other  fibres  of  the  peduncle,  a  bundle  which  Ramon  y  Cajal 
calls  the  "central  optic  path"  (Fig.  527). 

The  deep  optic  path  is  much  more  important.  It  collects 
the  axis  cylinders  of  the  cells  lying  deep  in  the  lateral  genicu- 
late body  as  well  as  those  of  the  stratum  zonale,  forms  a  curve 
slightly  concave  lateralward,  and  enters  the  "central  optic 
path  "  on  its  medial  border. 

Some  of  the  axones  entering  the  "  central  optic  path  "  un- 
dergo bifurcation,  one  branch  ascending  with  the  main  bundle 
of  this  path  into  the  corpus  striatum,  the  other  descending 
toward  the  tegmentum.  Ramon  y  Cajal  suggests  that  the 
descending  branches  may  represent  a  reflex  path  between  the 
visual  centres  and  the  motor  nuclei  of  the  eyes,  of  the  head, 
and  of  the  neck. 

It  is  of  the  highest  interest  and  importance  that  Ramon  y 
Cajal  has  been  able  to  follow  the  axones  of  the  "  central  optic 
path  "  in  the  new-bom  mouse  throughout  their  entire  course, 
from  their  entrance  into  the  corpus  striatum  as  far  as  their 
termination  in  the  occipital  lobe.  He  describes  the  bundle  as 
occupying  the  most  medial  part  of  the  peduncular  radiation  in 
its  passage  through  the  corpus  striatum,  and  states  that  the 
fibres  having  arrived  in  the  white  substance  beneath  the  cortex, 
go  upward  into  the  gray  substance  of  those  cortical  regions  in 
which  the  white  stripe  of  Gennari  or  Vicq  d'Azyr  f  is  especially 


*  Ram6n  y  Cajal,  S.  Structur  des  thalamus  opticus.  Beitrapj  zum  Studi- 
um  der  Medulla  Oblongata,  des  Kleinhims  und  des  Ursprungs  der  Gehirn- 
nerven.  Leipz.  (1896),  S.  101. 

t  This  stripe  is  also  sometimes  called  Baillarger*s  layer.  In  the  cortex 
of  the  calcarine  fissure  it  is  split  into  two  bands  of  white  fibres  which  run 
parallel  to  one  another,  the  so-called  internal  and  external  stripes  of 
Balllarger. 


SIrotun  pigmtnli  r 


Fia.  53».— Si'hfnie  of  Ihu  visual  roiidiii'tiuD  patha.  {After  C  von  Monakuw. 
<ii'himpallii>lugii'.  VVicn.  18B7.  S.  440,  FiR,  120.)  a,  lula  andcuiws;  t.  TodB  i  f. 
nucli'i  of  fids :  d.  litpolar  wlls  for  tlit  cuni«  ;  r,  bipnlar  celt*  for  the  rod* :  /. 
Inrf;!'  niii1tii>i>lHr  kbiikIiiid  celln  irfviiiK  riae  t«  thf  amneti  of  tht  N.  opticiu  ; 
f.  (-i-tilHfiiicil  axoiie  uf  a  iiciiront'.  thr  red  body  of  nhii'h  ia  situated  in  the 
colliculun  siipcriiir.  itK  teludeiidrion  beint;  Kitiialed  id  the  retina :  k,  Oolgi 
cell  of  Trpe  II.  or  dendmune  in  the  corpoa  Kenirulatuiu  laterale  ;  J.  oearoDe 
connerting  the  eurpus  Kvnivulatuiii  laterale  with  the  tohiu  occitdtaUa,  ita 
aioDp  ruDDhiK  in  the  ladiatiu  ureipitu-thabuulo  iQtatioletll.  The  viaial  Im- 
put»e«  are  indicated  by  the  arrow. 
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seems  probable  that  in  every  such  instance  the  lesion  has  not 
been  limited  to  the  cortex  in  the  region  of  the  angular  gyrus, 
but  has  extended  into  the  white  matter  beneath  and  has  in- 
volved  the  fibres  of  the 
radiatio  occipito  •  thala- 
mica(Oratioleti)  on  their 
way  to  the  occipital  lobe. 
Attempts  have  been 
made  by  Mnnk  and 
others  to  connect  certain 
areas  of  the  occipital 
cortex  functionally  with 
definite  regions  of  the 
retina.  Thus  Munk 
would  make  the  lateral 
part  of  the  retina  corre- 
spond to  the  lateral  part 
of  the  visual  sense  area 
in  the  occipital  cortex, 
the  medial  border  of  the 
retina  to  the  medial  por- 
tion of  the  cortical  area, 
and  similarly  for  the  up- 
per and  inferior  portions 
of  the  retina.  He  be- 
lieves that  the  region  of 
the  macula  lutea  is  rep- 
resented only  in  the  op- 
posite visual  sense  area. 
But  this  view  is  not 
wholly  in  accord  with  the 
findings  in  cases  of  hemi- 
anopsia. It  is  rare  in  in- 
stances of  homonymous 
hemianopsia  to  find  de- 
fect of  the  visual  field 
corresponding  to  the  fix- 
ation point  (macula  lu- 
tea). Various  theories 
have  been  offered  as  at- 
tempts to  explain  this  pe- 


Fi<i.  530.— Scheme  of  a  h^pothctiral  di'cuaaa- 
tioii  of  tln>  Biijiicii  patMiHK  from  the  I'orpug 
etrnicu latum  latt'Dilr  Ui  the  lolms  oi'cipilaliit. 
(AftiT  A.  van  Gcliuchten.  Aniitoniie  dii  Sys- 
tt'rae  Nerveui  lie  I'homme.  2"'  M.,  Louv., 
1897.  p.  Ml,  Fig.  447.1  (.0..  liiLuBiwi-ipitalU; 
e.fl.f.,  cor|iiiB  twnieulBtum  Inteislc ;  CO., 
thnlamug;  f.g.,  collieulua  superior. 
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culiarity  of  the  majority  of  cases  of  hemianopsia.  Thus  van 
(iehuchten  suggests  a  partial  decussation  of  the  optic  fibres, 
extending  between  the  centres  in  the  diencephalon  and  the 
occipital  cortex  (Fig.  530),  but  this  view  as  yet  lacks  anatom- 
ical support.  The  explanation  of  von  Monakow  is  ingenious 
if  not  entirely  satisfactory.  This  author  *  assumes  that  the 
macula  lutea  fibres  are  very  widely  distributed  in  the  lateral 
geniculate  body,  the  fibres  from  the  macula  of  each  side  being 
distributed  in  each  lateral  geniculate  body  so  as  to  come  into 
conduction  relation  with  cells  in  all  parts  of  this  nucleus  (Fig. 
531).  With  such  an  anatomical  relation  in  the  lateral  genic- 
ulate body  there  could  always  be  a  path  from  the  macula  to 
the  cortex  unless  all  the  cortical  connections  with  the  lateral 
geniculate  body  were  destroyed.  Von  Monakow,  therefore,  be- 
lieves that  the  macula  lutea  is  represented  in  the  occipital 
lobe,  neither  solely  in  the  middle  nor  in  the  peripheral  parts 
of  the  visual  sense  area,  but  that  probably  no  part  of  the  cor- 
tex of  the  occipital  lobe,  and  perhaps  also  of  the  posterior  part 
of  the  angular  gyrus,  is  unconnected  with  macular  representa- 
tion. The  cortical  field  for  the  macula  lutea  would  thus  ex- 
ceed by  far  that  ordinarily  assumed  for  the  visual  sense  area. 
The  view  of  Wilbrand  f  is  somewhat  similar  to,  although  by  no 
means  identical  with,  that  of  von  Monakow. 

Henschen's  J  idea  that  the  field  for  the  macula  corresponds 
to  the  region  of  the  anterior  part  only  of  the  calcarine  fissure 
is  negatived  by  cases  in  the  bibliography,  while  the  view  of 
Forster  and  Sachs,^  which  assumes  that  the  region  correspond- 
ing to  the  posterior  part  of  the  calcarine  fissure  is  that  in  which 
the  macular  representation  exists,  is  negatived  by  the  instances 
cited  by  Henschen. 

On  reviewing  the  whole  subject  of  hemianopsia  it  would 
seem  possible  to  do  without  such  an  elaborate  scheme  as  that 


*  von  Monakow,  C.  Experiinentelle  uud  pathologisch-anatoiiiische 
Untersuchungen  iiobcr  die  optischen  Centren  und  Bahnen  nebst  klinischen 
Beitragen  zur  corticalcn  Hcniianopsie  und  Alexie  (Xeuo  Folge).  Arch.  f. 
Psychiat.  u.  Ncrvenkr.,  Borl.,  Bd.  xxiii  (1891-'92),  S.  609;  Bd.  xxiv  (1892),  S. 
229. 

t  Wilbrand,  II.     Die    Doppclversogung  dor  Macula  lutea.     Festschrift 
fOr  Professor  Forster,  Wii*sbatlen,  1895. 
t  Op.  n't. 

•  Sachs,  S.  Das  Gehini  des  FOrster'schen  Rindenblinden.  Arb.  aus 
d.  psychiat.  Klinik  in  Breslau,  1895,  S.  53-104. 
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suggested  by  von  Monakow  or  that  Buggested  by  Wilbrand, 
While  it  IB  not  impoesible  that  the  macular  representation  in 
the  lateral  geniculate  body  ia  widespread,*  as  Ton  Monakow 


culatuiii 


Fid.  531.— Si'litme  of  the  central  optic  iMths-illuHtratint!  vun  Hiiiiakuw'i 
the  repnsteututioii  of  diBirrentJKirtioDBcif  thf  rptJn»in  the  corpus  gen i 
latf  rale  and  bis  ezplaiuitioTi  urthc  tact  tliikt  mHcular  viHioa  is  undiiiturlwd 
cortical  hemianoiwiu.     (Atterl'~  von  Mcinakiiw,  (khlmpathnloKte.  Wien, "  " 
"   ""  ""     —  ■       ■  5_  f^nelion  cells  cif  ri'tiiia  on  riitlit  aide  Neuding 
--'- slls  in  the  homunymi '    '-'--'-'■■ 


45S,  Fig.  131.)  

to  N.  opt. ;  fli,  b,,  c,.  ganglion  cells  in  the  homonymims  part  of  the  left  n; 
F.i».  H-e.,  macular  neuronivof  thu  right sidr  ;  P.m.  e.,  macular  neuninmofthu 
left  Bide ;  «i,  ),.  •,,  •,,  neuivues  tlie  axonen  of  which  run  through  the  tadintjo 
uccipito-thalaraica  Gratiok-ti  to  the  IoIhir  occipitalis ;  a.  (^  y.  neuronps  with 


suggests,  yet  it  seems  to  me  unneceasary  to  assume  that  the 
fibres  from  the  lateral  geniculate  body  have  so  wide  a  cortical 
distribution  as  he  would  give  them.  Indeed,  there  ia  very 
much  anatomical  evidence  against  such  a  wide  distribution. 
It  seems  to  me  much  more  likely  that  the  macular  field  corre- 

*  tlenBchen,  in  a  recent  article  (Ueber  LocaliMtion  innerhalb  dca  ocus- 
Mren  Kniegangjions.  Neurol.  Centralbl.,  Leipz.,  Bd.  xvii  (1898).  S.  194). 
speaks  for  k  restricted  localizatioii  in  the  lateral  geniculate  bod^,  and  cites 
a  case  in  which  the  findings  demonstrate  that  the  dnf^al  portion  of  the 
]at«rsl  geniculate  body  corresponds  to  the  dorsal  <juaUraut  of  the  retina. 
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spends  to  the  whole  length  of  the  cortical  area  corresponding 
to  the  calcarine  fissure,  and  that  involvement  of  the  whole  of 
this  area  is  necessary  to  cause  defect  of  the  visual  field  corre- 
sponding to  the  fixation  point.  This  would  be  in  accord  not 
only  with  the  findings  of  Henschen  but  also  with  those  of 
Forster  and  Sachs,  and,  as  far  as  I  am  aware,  there  are  no  ana- 
tomical data  thus  far  which  contradict  it.* 

In  the  periphery  of  this  visual  sense  area  in  the  narrower 
sense  there  is  doubtless  a  considerable  area  of  cortex  which 
receives  fibres  from  the  occipito-thalamic  radiation.  From  the 
visual  sense  area  in  the  wider  sense — that  is,  the  region  corre- 
sponding to  the  distribution  of  all  of  the  fibres  of  the  occipito- 
thalamic  radiation — there  pass  out  doubtless  many  axones  to 
neighboring  gyri  in  the  parietal  and  temporal  lobe,  axones  of 
neurones  associative  in  function  which  bring  the  activities  of 
the  visual  sense  area  into  relation  with  the  activities  of  other 
centres  in  the  cerebral  cortex.  Some  reference  to  these  associ- 
ation neurones,  which  may,  in  a  sense,  be  looked  upon  as  the 
neurones  of  higher  visual  centres,  will  be  made  further  on. 


*  In  a  very  imi)ortant  case  described  by  Forster  (Arch.  f.  Ophth.,  Berl., 
Bd.  xxxvi)  and  studied  anatomically  by  Sachs  (Arbeiten  aus  d.  psychiat. 
Klinik  im  Breslau  (1895),  H.  2)  the  patient  had  had,  in  1884,  an  att^ick  with 
sudden  loss  of  the  right  half  of  both  visual  fields  with  the  exception  of 
from  one  degree  to  two  degrees  near  the  fixation  point.  Five  years  later 
hemianopsia  involving  the  left  halves  of  the  visual  field  set  in.  With  this 
double  hemianopsia,  however,  central  vision  was  retained.  Hearing  and 
writing  were  not  at  all  disturbed,  although  it  is  true  that  the  sharpness  of 
vision  had  diminished  by  one  half,  the  power  of  distinguishing  colors  was 
lost,  and  there  was  inability  to  recognize  the  reciprocal  position  of  things  in 
space.  In  1893  the  individual  died,  and  at  autopsy  a  doubled-sided  lesion, 
involving  the  medial  surface  of  both  occipital  lobes,  was  found.  The  brain 
was  divided  into  serial  sections,  and  it  was  discovered  that  practically  the 
whole  of  the  medial  surface  of  both  occipital  lobes  and  the  adjacent  white 
matter  were  destroyed,  with  the  exception  of  a  small  portion  of  the  peduncle 
of  the  cuneus  lying  anteriorly  and  the  most  posterior  part  of  the  region  of 
the  calcarine  fissure  which  had  escaped  uninjured.  This  case,  more  than  any 
other  in  the  bibliography,  suggests  that  macular  representation  extends  be- 
yond the  medial  surface  of  the  occipital  lobe.  But  it  is  not  impossible  that 
the  small  area  at  the  posterior  extremity  of  the  calcarine  fissure  sufficed  for 
the  central  vision.  At  any  rate,  until  a  case  has  been  studied  in  which 
there  has  been  complete  loss  of  the  visual  sense  area  in  the  region  of  both 
calcarine  fissures,  with  retention  of  central  vision,  we  may  hold  on  to  the 
view  that  the  macular  representation  corresponds  to  the  region  of  the  cal- 
carine fissure  in  its  whole  length. 
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FlO.  532.— 8rhi-mc  of  thp  coune  of  the  optic  ralhx  representtil  in  a  horizonUt 
plane,  witli  UluHtmtJoii  nr  the  im-urrFncp  of  rurtical  Hnd  niibnirtifal  iii'miaii- 
opsiR.  lAfter  V.  von  Monakciw.  Gchinipntholosiv.  WIpn,  18BT.  S.  446.  FiR. 
121.)    On  the  li'fl  »i<le  the  optic  paths    -     -  ^  -       ■  '      
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In  the  diagram  (Fig.  532),  also  taken  from  von  Monakow^ 
*  the  principal  lesions  which  occur  in  human  beings  in  the  do- 

main of  the  optic  paths  are  well  illustrated. 

With  regard  to  the  centripetal  fibres  carrying  the  impulses 
to  the  nucleus  nervi  oculo-motorii  and  leading  to  reflex  contrac- 
tion of  the  pupil  the  following  positive  statements  can  be  made : 

In  the  first  place,  they  arise  from  all  portions  of  the  retina, 
inasmuch  as  a  ray  of  light  thrown  upon  any  given  minute  area 
on  the  surface  of  the  retina  will  lead  to  reflex  contraction,  pro- 
vided the  nerve  tracts  are  in  a  normal  condition.* 

In  the  second  place,  these  fibres  run  through  the  optic 
nerve,  the  chiasm,  and  the  tract,  and  undergo  partial  decussa- 
tion in  the  chiasm.  This  is  proved  by  the  so-called  "  hemian- 
opic  pupillary  inaction  "  of  Wernicke.  Wernicke  showed  that 
in  hemianopsia  due  to  a  lesion  of  the  optic  tract  illumination 
of  the  homonymous  halves  of  the  retina  affected  will  not  cause 
contraction  of  the  pupil,  while,  on  the  other  hand,  illumination 
of  the  opposite  halves  of  the  retina  leads  to  pupillary  contrac- 
tion, and  the  pupil  contracts  normally  on  convergence. 

It  is  further  known  that  the  pupillary  path  passes  through 
the  brachium  quadrigeminum  superius  to  reach  the  colliculas 
superior  of  the  corpora  quadrigemina  and  thence  goes  to  the 
nucleus  nervi  oculomotorii  in  the  floor  of  the  aqueductus 
cerebri. 

More  than  this,  perhaps,  can  not  be  said  with  certainty,  and 
the  most  divergent  views  are  held  regarding  certain  details  of 
the  path.  Thus,  for  example,  the  total  number  of  neurones 
concerned  in  the  passage  from  the  retina  to  the  nucleus  nervi 
oculomotorii  is  disputed.  Whereas  a  certain  number  of  inves- 
tigators hold  that  the  retinal  axones  pass  directly  to  the  region 
of  the  oculomotor  nucleus,  others  maintain  the  existence  of 
intermediary  pupillary  centres.  Bogroff  and  Flechsigf  hav0 
I  described  a  root  of  the  optic  tract  whicli  passes  directly  into 

the  stratum  griseum  centrale  of  the  third  ventricle.     The  evi- 


^it 


*  In  this  connection  the  following  articles  should  be  consulted :  (1)  Pe- 

retti.     Ein  Fall  von  Atrophia  Nervi  optici  descendens  nach  Schfidel  Verlet- 

I!  zung.     Deutsche  med.  Wchnschr.,  Leipz.  u.  Berl..   Bd.  xix  (1893).  S.  301. 

(2)  Sachs,  Z.  EinschnQrung  der  Sehnerven  durch  gesaininte  Gef&sse  der 
Himbasis.     Arch.  f.  Augenh.,  Wiesb..  Bd.  xxvi  (1892-'1)3).  S.  237-274. 

f  Bogroff  and  Flechsig.  Neurol.  Centi-albl.,  Lcipz.,  Bd.  v  (1886),  S.  551. 
Cited  by  von  Bechterew. 
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dence  at  present  is  in  favor  of  an  intermediary  nucleus  in  the 
pupillary  path,  but  just  where  that  nucleus  is  situated  is  still  a 
matter  of  doubt. 

Darkschewitsch  ♦  believes  that  the  pupillary  fibres  leave  the 
tractus  opticus  in  the  region  of  the  corpus  geniculatum  laterale> 
and  pass  through  the  thalamus  to  the  corpus  pineale  and  the 
ganglion  habenulaB.  Hence  the  reflexes  are  mediated  by  means 
of  fibres  which  pass  through  the  posterior  commissure  to  his 
ohere  Oculomotoriuskern,  His  conclusions  were  arrived  at 
after  study  of  degenerations  following  physiological  experi- 
ments, and  they  have  received  support  from  Bellonci  f  on  the 
ground  of  his  studies  in  comparative  anatomy. 

The  views  of  Darkschewitsch  have  received  a  partial  con- 
firmation from  the  studies  of  Mendel,  who  supports  the  doctrine 
that  the  ganglion  habenulae  is  a  pupillary  nucleus.  Mendel 
extirpated  the  iris  in  new-born  animals,  and  asserts  that  he 
found  atrophy  of  the  ganglion  habenulse  of  the  same  side,  and 
of  certain  fibres  of  the  posterior  commissure.  According  to 
his  view,  therefore,  the  reflex  path  for  the  iris  would  be  through 
the  optic  nerve,  chiasm,  and  optic  tract  to  the  ganglion  haben- 
ulae  of  the  same  side,  thence  by  way  of  the  commissura  posterior 
to  von  Gudden's  nucleus,  and  to  the  nucleus  nervi  oculomotorii. 

A  somewhat  different  idea  is  advocated  by  von  Bechterew. 
He  follows  the  pupillary  fibres  through  the  optic  nerve  of  the 
chiasma  opticum,  but  states  that  they  do  not  enter  the  tractus 
opticus  nor  the  geniculate  bodies,  but  close  behind  the  chiasm 
and  without  decussation  enter  the  stratum  griseum  centrale  of 
the  third  ventricle,  whence  they  pass  uncrossed  to  the  nucleus 
nervi  oculomotorii.J  He  bases  his  view  upon  the  following 
findings:  (1)  Section  of  the  optic  tract  in  the  dog  caused 
hemianopsia  but  no  alteration  in  the  pupil ;  (2)  destruction  of 
the  superior  coUiculus,  or  of  the  corpora  geniculata,  did  not 
abolish  the  reaction  of  the  pupil  to  light. 


♦  Darkschewitsch,  L.  Ueber  die  sogenannteii  primllren  Opticiiscentren 
und  ihre  Beziehung  zur  Grosshirnrinde.  Arch.  f.  Anat.  u.  Physiol.,  Anat. 
Abth.,  Leipz.  (1886),  S.  249-270. 

f  Bellonci,  G.    Ztschr.  f.  wissensch.  Zool.,  Bd.  Ixxiv,  H.  1,  S.  25. 

X  von  Bechterew,  W.  Ueber  den  Verlauf  der  die  Pupille  verengenden 
Nervenfasern  im  Gehirn  und  ueber  die  Localisation  eines  Centrums  fQr  die 
Iris  und  Contraction  des  Augenmuskeln.  Arch.  f.  d.  ges.  Physiol.,  Bonn, 
Bd.  xxxi  (1883),  S.  60-87. 
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Henschen  *  emphasizes  the  fact  that  Wernicke's  observation 
of  hemianopic  pupillary  inaction  in  lesions  of  the  optic  tract  is 
decisive  in  favor  of  the  view  that  the  pupillary  fibres  run  in 
the  tractus  opticus.  Tliey  go  at  least  as  far  as  the  border  of 
the  pedunculus  cerebri.  The  case  reported  by  Leydenf  is 
especially  valuable  in  this  connection,  as  is  also  a  case  reported 
by  Dercum,  of  Philadelphia.  Hensclien  states  that  a  series  of 
cases  supports  the  view  that  the  pupillary  fibres  do  not  enter 
the  lateral  geniculate  body,  and  holds  that  Knies  is  probably 
wrong  in  tliinking  that  lesion  of  the  lateral  geniculate  body 
can  give  rise  to  Wernicke's  hemianopic  pupillary  sign. 

Although  the  evidence  is  not  yet  conclusive,  it  seems  to 
me  most  probable  that  the  pupillary  fibres  run  through  the 
brachium  quadrigeminum  superius  into  the  superior  colliculus, 
there  to  come  into  contact  with  the  cell  bodies  and  dendrites 
of  neurones  in  the  nucleus  colliculi  superioris,  and  thence  the 
impulses  pass  by  way  of  the  axones  of  the  latter  to  the  nucleus 
nervi  oculomotorii  of  the  same  and  of  the  opposite  side.  At 
any  rate,  the  histological  investigations  of  Held  make  such  a 
view  plausible. 

The  statement  is  frequently  made  that  the  coarse  fibres  of 
the  optic  nerve  are  those  which  are  concerned  in  pupillary 
reflexes.     But  even  this  is  not  definitely  proved. J 

The  conduction  paths  in  connection  with  the  eyes  should 
not  be  dismissed  without  reference  to  the  centrifugal  fibres  of 
the  optic  nerve  discovered  by  Ramon  y  Cajal.  The  existence 
of  these  fibres  has  been  confirmed  by  van  Gehuchten,  von  Kolli- 
ker.  Held,  and  others.  The  cells  of  origin  of  these  centrifugal 
axones  are  situated  in  the  centres  in  the  mesencephalon  and 
diencephalon.  They  have  not  only  been  demonstrated  by 
Golgi's  method,  but  their  existence  and  disposition  has  been 
proved  also  by  the  methods  of  secondary  degeneration.     Ac- 


« 


I 


♦  riensohen,  S.  E.  Ueber  hemianopische  Pupil lenreaktion.  Klinisohe 
untl  anatomische  BeitrSgc  zur  Pathologic  des  (tehirus.  Dritter  Theil,  I 
naifte,  Upsala  (1894),  S.  109. 

t  Lcyden,  E.  Beitriige  zur  topischen  Diagnostik  dcr  Gehimkrankheiten. 
Internat.  Beitr.  z.  wissensch.  Med.,  Festschr.  R.  Virchow  .  .  .,  Berl.,  Bd.  iii 
(1891),  S.  283-:^a6. 

X  The  visual  and  pupillary  paths  have  recently  been  reviewed  by  K.  Baas. 
Die  Seh.-  und  Pupillen-Bahneu.  Breslau  (1898).  The  article  has  not  thus 
far  been  accessible  to  me. 
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cording  to  the  findings  of  von  Monakow,  following  section  of 
the  optic  tract  there  is  degeneration  of  cells  not  only  in  the 
superior  colliculus  of  the  corpora  quadrigemina,  but  also  in  the 
lateral  geniculate  body  (dorsal  caudal  part,  which  he  designates 
as  a)  and  the  pulvinar.  The  termination  of  these  fibres  in  the 
retina  appears  to  be  in  the  internal  molecular  layer,  for  the 
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Fio.  533.— Scheme  of  yisiml  conduction  path.    Lettering  same  as  for  Phite  II. 

Fig.  1. 


terminals  probably  come  into  contact  with  the  amacrine  cells, 
which  Ram6n  y  Cajal  has  described  in  this  layer.  Possibly 
they  act  also  upon  the  bipolar  cells  (peripheral  optic  sensory 
neurones)  themselves.  Just  what  the  nature  of  tliese  centrifu- 
gal impulses  can  be  is  hard  to  imagine.  Several  theories  have 
been  suggested,  but  none  of  them  is  satisfactory,  and  tliey  need 
not  be  discussed  here.     It  may  be  that  the  retina  is  brought 
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under  the  influence  of  the  cerebral  cortex  through  these  cen- 
trifugal neurones,  since  the  large  pyramidal  cells  m  the  third 
cortical  luyer,  the  so-called  8olitai>  cells  of  the  visual  senae 
area,  send  their  axones  down  through  the  optic  radiation  and 
through  the  posterior  limb  of  the  internal  capsule  to  the  optic 
centres  in  the  diencephalon  and  mesencephalon  These  cells 
degenerate  after  lesion  of  the  internal  capsule  or  of  the  oceipito- 


thalamic  radiation.  It  seems  probjkble  that  the  majority  of 
these  axones  run  to  come  into  conduction  relation  with  the 
mesencephalic  organ  controlling  the  eye  miiHcle  nuclei,  but  it 
is  not  impossible  that  some  of  them  terminate  about  the  cell 
bodies  and  dendrites  of  the  neurones,  the  asones  of  which  form 
the  centrifugjil  fibres  of  the  optic  tract  and  optic  nerve. 

In  connection  with  the  visual  conduction  paths  it  would 
have  been  interesting  to  discuss  the  various  theories  of  vision 
which  have  been  put  forward,  especinlly  those  propounded  by 


OROUPING  AND  CHAINING  TOGETHER  OP  NEURONES.      835 

Helmholtz,*  Herifig,  f  G oiler,  J  Donders,*  von  Kries,  ||  and  Mrs. 
Franklin,^  but  they  can  only  be  mentioned  here,  accompanied 
by  the  bibliographic  references. 

In  Figs.  533  and  534  the  more  important  and  best  known 
centripetal  neurones  of  the  visual  conduction  path  are  schemat- 
ically represented. 

*  Helniholtz,  H.  Ueber  die  Theorie  der  zusammengcsetzten  Farben. 
8vo,  Berlin,  1852. — Handbach  der  phjsiologischen  Optik.,  II.  Aufl.,  Leipz. 
(1888). 

f  Bering,  E.     Lehre  vom  Lichtsinn.     II.  Aufl.,  Wien  (1878). 

X  G511er,  A.  Die  Analyse  der  Lichtwellen  durch  das  Auge.  Ein  fieitrag 
zur  Erklfirung  der  Farbenempfindung.  Arch.  f.  Anat.  u.  Physiol.,  Physiol. 
Abth.  (1888),  S.  139-162. 

*  Donders,  F.  C.  Noch  einmal  die  Farbensystemc.  Arch.  f.  Ophthaltn., 
Bd.  XXX,  Abth.  1  (1884). 

I  von  Kries,  J.  Entgegnung  an  Ilerm  E.  Hering.  Arch.  f.  d.  ges. 
Physiol,  Bonn,  Bd.  xli  (1887),  S.  389-397.— Ueber  die  Farbenblindheit  der 
Netzhautperipherie.  Ztschr.  f.  Psychol,  u.  Physiol,  d.  Sinnesorg.,  Ifamb.  u. 
Leipz.,  Bd.  XV  (1897),  S.  247-289. 

^  Franklin,  Christine  Ladd.  Eine  neue  Theorie  der  Lichtempfindungen. 
Ztschr.  f.  Psychol,  u.  Physiol,  d.  Sinnesorg.,  Ilamb.  u.  Leipz.,  Bd.  iv  (1892). 
— On  Theories  of  Light  Sensation.  Mind,  Lond.  and  Edinb.,  n.  s.,  vol.  ii 
(1893),  pp.  473-489.— A  New  Theory  of  Light  Sensation.  Johns  Hop- 
kins Univ.  Circ.,  Bait.,  vol  xii  (1893),  pp.  108-1 10.— Professor  Ebbinghans' 
Theory  of  Color  Vision.  Mind,  Lond.  and  Edinb.,  n.  s.,  vol.  iii  (1894),  p. 
103.— Professor  Mailer's  Theory  of  the  Light  Sense.  Psychol.  Ilev.,  N.  Y. 
and  Lond.,  vol  vi  (1899),  pp.  70-85. — Mrs.  Franklin's  ol^ervations  u|K>n 
"normal  faint-light  foveal  blindness**  are  recorded  in  pMychol.  Kev.,  N.  Y. 
And  Lond.,  vol.  ii  (1895),  pp.  137-148. 


CHAPTER   LIV. 

AUDITORY    NEURONES   OF  THE   SECOND   AND   OF   HIGHER 

ORDERS. 

Nuclei  terminales  of  N.  cochleae — General  view  of  central  auditory  paths — 
Striao  medullares — Corpus  trapezoideum — Superior  olivary  complex — 
Lemniscus  lateralis — Nucleus  lemnisci  lateralis — Colliculus  inferior — 
Corpus  geniculatum  mediale. 

Nucleus  nervi  cochlea?  ventralis — Nucleus  nervi  cochlea*  doi'salis — Nucleos 
olivaris  superior — Nucleus  corporis  tra(>ezoidei — Nucleus  pneolivaris — 
Nucleus  semilunaris — C'orpus  tra(>ezoideum — Lemniscus  lateralis — ^Nu- 
clei lemnisci  lateralis — Relations  of  the  lemniscus  lateralis  to  the  nucleus 
colliculi  inferioris,  the  corpus  geniculatum  mediale,  and  the  palliam — 
Acoustic  reflex  paths — Auditory  sense  area  in  the  cerebral  cortex — 
Schemes  of  auditory  path. 

4.  Centml  Neurones  of  the  Auditory  Conduction  Psths, 

The  peripheral  auditory  neurones  connecting  the  organ  of 
Corti  with  the  rhombencephalon  have  been  described  in  an 
earlier  chapter.  We  have  seen  that  the  cell  bodies  of  the  pe- 
ripheral auditory  neurones  are  situated  in  the  ganglion  spirale^ 
that  their  dendrites  are  distributed  to  the  organon  spirale 
(Cortii),  and  that  their  axones  pass  through  the  radix  cochlearis 
of  the  nervus  acusticus  to  terminate  chiefly  in  the  nucleas 
nervi  cochlearis  ventralis  and  the  nucleus  nervi  cochlearis  dor- 
salis  (tuberculum  acusticum),  a  portion  of  the  fibres,  however 
(according  to  Held),  going  farther,  to  terminate  first  in  the 
nucleus  olivaris  superior  of  the  same  or  of  the  opposite  side,  or 
in  masses  of  gray  matter  situated  even  higher  up  in  the  central 
nervous  system. 

With  regard  to  the  central  auditory  paths,  the  results  of 
different  investigators  in  earlier  years  were  markedly  discord- 
ant. Thus,  while  Forel,  Onufrowicz,  and  von  Monakow  denied 
that  the  fibres  of  the  trapezoid  body  had  anything  to  do  with 
the  central  auditory  path,  Flechsig,  von  Bechterew,  Baginsky, 

Bumm,  and  others  maintained  the  opposite  view.     Neurologists 
836 
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are  to  be  congratulated  that  through  the  researches  of  the  past 
few  years,  by  means  of  a  variety  of  methods,  we  have  finally  ar- 
rived to  much  more  definite  and  satisfactory  ideas  regarding 
this  portion  of  the  nervous  system.  The  views  to  be  outlined 
here,  which  may  be  considered  to  represent  the  present  status 
of  our  knowledge  regarding  the  auditory  conduction  inside  the 
central  nervous  system,  are  based  upon  researches  of  Flechsig,* 
von  Monakow,  f  Held,  J  von  Kolliker,*  Ramon  y  Cajal,  ||  and 
Florence  Sabin.-^ 

In  general,  it  may  be  said  that  from  the  nuclei  terminales 
of  the  cochlear  nerve,  axones  of  neurones  of  the  second  order 
pass  by  way  of  both  the  striae  medullares  and  the  corpus  trape- 
zoideum  to  the  region  of  the  superior  olivary  complex  of  both 
sides,  principally  of  the  opposite  side.  Many  of  the  fibres  ter- 
minate in  the  nucleus  olivaris  superior  and  in  the  gray  nuclei 
of  the  corpus  trapezoideum.  Others  of  them  go  on  (accompa- 
nied by  axones  arising  in  the  nuclei  in  which  their  fellows  stop) 
to  pass  through  the  lemniscus  lateralis  to  the  colliculus  inferior 
of  the  corpora  quadrlgemina  (Fig.  635).     On  their  way  a  num- 

♦  Flechsig,  P.  Zur  Lehre  vom  centralen  Verlauf  der  Sinnesnerven. 
Neurol.  Gentralbl.,  Leipz.,  Bd.  v  (1886),  S.  97-100 ;  also  Weitere  Mittheilun- 
gen  ueber  die  Beziehungen  des  unteren  Vierhtlgels  zum  HSmerven.  Neurol. 
Centraibl.,  Leipz.,  Bd.  ix  (1890),  S.  98-100. — Die  Localisation  der  geistigen 
Vorg&nge,  insbesondere  der  Sinnesempflndungen  des  Menschen.  Leipzig, 
1896. 

f  von  Monakow,  C.  Ueber  einige  durch  Exstirpation  circumscripter 
Himrindenregionen  bedingte  Entwickelungshemmungen  des  Kaninchen- 
gehims.  Arch.  f.  Psychiat.  u.  Nervenkr..  Berl.,  Bd.  xii  (1882),  S.  141 ;  535. 
— Neue  experimentelle  BeitrSge  zur  Anatomie  der  Schleife.  Neurol. 
Centraibl,  Leipz.,  Bd.  iv  (1885),  S.  265-268.— Cor.  Bl.  f.  Schweiz.  Aerzt., 
1887,  No.  5. — Striae  Acusticae  und  untere  Schleife.  Arch.  f.  Psychiat.  u. 
Nervenkr.,  Berl.,  Bd.  xxii  (1890),  S.  1-26. 

t  Held,  H.  Die  centralen  Bahnen  des  Nervus  acusticus  bei  der  Katze. 
Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  Leipz.  (1891),  S.  271-291. — Die  cencrale 
Gehdrleitung.  Arch,  f,  Anat.  u.  Physiol..  Anat.  Abth.,  Leipz.  (1893),  S. 
201-248. 

»  von  Kailiker.    Op.  ct7.,  S.  258  ff. 

I  Ram6n  y  Cajal,  S.  Origines  del  acustico  en  los  aves.  Algunas  con- 
tribuciones  al  conociniiento  de  los  ganglios  del  encefalo.  Madrid,  1894. — 
Nervio  cochlear  y  ganglios  acusticos.  Apuntes  para  el  estudio  del  bulbo 
raquitico,  cerebelo  y  origen  de  los  nervios  encefalicos.    Madrid.  1895. 

^  Sabin,  Florence.  On  the  Anatomical  Relations  of  the  Nuclei  of  Re- 
ception of  the  Cochlear  and  Vestibular  Nerves.  Johns  Hopkins  Hosp. 
Ball.,  Bait,  vol.  viii  (1897),  pp.  253-259. 


838 


THK   NKRVOUS  SYSTKM. 


ber  of  them  terminate  in  all  probability  in  the  nucleus  lemntdi^i 
lateralis. 

The  foUiculua  inferior  must  be  looked  upon  as  one  of  the 
most  important  way-stations  in  the  central  auditory  path.  In 
the  nucleus  colliculi  inferioris  terminate,  perhaps,  the  majority 
of  the  fibres  of  the  lemniscus  lateralis ;  a  certain  number,  how- 
«vor,  go  farther  forward.     These  fibres  pass  on  mainly  through 


n  thu  Mipcriiir  pert  uf  tlic  puim.  uf  tlio  fasvicului)  luiiin- 
fniiii  the  fibre  system  dp«'eiidiii|c  from  the  colUi'ulus 
11-Utoral  funiculi;  ami  (2)  the  ivUtJon  <if  the  laletal 
lllruliiH   iureri-.r.     I ^tU■^  H.  Held.  Abhandl,  A.  nath,- 

;hyH.  (').  il.  k.  sarhs.  tlcNillwh.  d.  WistviLwh.,  Li-lin..  Bd.  xviii,  tin.  6,  IMS. 
uf.  ii.  Kiic.  9.) 

the  brachium  quadrigcminum  inferius  to  reach  the  corpus 
geniculatum  mcdtale,  where  apparently  a  large  number  of  them 
terminate  in  the  nucleus  corporis  geniculati  niedialis.  In  the 
latter  nucleus  are  situated  the  cell  bodies  of  neurones,  the 
axones  of  which  pass  forward  ttirouf^h  the  retrolentiform  por- 
tion of  the  capsulu  interna  to  reach,  by  way  of  the  corona  radiata. 
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the  auditory  sense  area  in  the  cerebral  cortex  (junction  of 
third  and  fourth  fiftlis  of  gyrus  temporalis  superior,  together 
with  the  gyri  temporales  transversi).  It  is  possible  that  some 
fil>res  from  the  lateral  lemniscus  go  past  the  geniculate  body 
without  stopping  to  terminate  first  in  the  auditory  sense  area 
in  the  cerebral  cortex  (so  called  direct  acoustic  cortical  path 
of  Held). 

Tlie  smallest  number  of  neurones  superimposed  to  form  the 
auditory  conduction  path  from  the  internal  ear  to  the  cerebral 
cortex  is  therefore,  in  all  probability,  three — one  extending 
from  the  organ  of  Corti  to  the  nuclei  terminales  of  the  cochlear 
nerve  (periplieral  auditory  neurone  or  auditory  neurone  of  the 
first  order) ;  a  second  passing  from  the  nuclei  terminales  of  the 
auditory  nerve  to  the  corpus  geniculatum  mediale  (rhomben- 
cephalo-diencephalic  auditory  neurone  or  auditory  neurone  of 
the  second  order) ;  a  third  extending  from  the  medial  geniculate 
body  to  the  temporal  lobe  of  the  cerebral  cortex  (diencephalo- 
telencephalic  auditory  neurone  or  auditory  neurone  of  the  third 
order).  While  such  a  superimposition  of  neurones  is  to  be 
regarded  as  the  simplest  and  most  direct  arrangement  possible 
in  the  auditory  conduction  path,  it  seems  likely  that  there  are 
other  more  complicated  and  perhaps  far  less  direct  combina- 
tions of  neurones  which  make  up  the  apparatus  of  the  conduc- 
tion of  auditory  impulses. 

Thus  it  may  even  be  that  the  simplest  auditory  conduction 
path  consists  of  at  least  four  superimposed  neurones,  one  extend- 
ing from  the  organ  of  Corti  to  the  nuclei  terminales  of  the  coch- 
lear nerve  (peripheral  auditory  neurone  or  auditory  neurone  of 
the  first  order) ;  a  second  passing  from  the  nuclei  terminales  of 
the  auditory  nerve  to  the  colliculus  inferior  of  the  corpora  qua- 
drigemina  (rhombencephalo-mesencephalic  auditory  neurone  or 
auditory  neurone  of  the  second  order) ;  a  third  extending  from 
the  colliculus  inferior  to  the  corpus  geniculatum  mediale 
(mesencephalo-diencephalic  auditory  neurone,  or  auditory  neu- 
rone of  the  third  order)  ;  a  fourth  extending  from  the  medial 
geniculate  body  to  the  auditory  sense  area  in  the  cortex  (dien- 
cephalo-telencephalic  auditory  neurone,  or  auditory  neurone  of 
the  fourth  order).  Further,  a  whole  series  of  nuclei  interca- 
lated in  this  conduction  path  have  to  be  considered  :  the  nuclei 
terminales  of  the  cochlear  nerve,  the  nucleus  olivaris  superior, 
the  nucleus  corporis  trapezoidei,  the  nucleus  .pneolivaris,  the 
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nucleus  semilunaris,  the  nucleus  lemnisci  lateralis,  the  nucleus 
colliculi  inferioris,  and  in  addition  the  nucleus  corporis  genie- 
ulati  medialis,  and  possibly  other  masses  of  gray  matter  in 
the  hypothalamus  not  yet  clearly  defined. 

It  is  not  impossible  that,  besides  neurones  extending  be- 
tween these  different  gray  masses  and  connecting  them  with 
one  another,  (iolgi  cells  of  Type  11,  or  dendraxones  situated  in- 
side the  individual  gray  masses,  may  play  a  part  in  the  conduc- 
tion of  auditory  impulses. 

No  attempt  will  be  made  to  give  here  an  exhaustive  de- 
scription of  all  the  neurones  which  are  probably  concerned 
directly  or  indirectly  in  the  auditory  conduction  path.  In  the 
first  place,  our  knowledge  of  these  neurones  is  by  far  too  frag- 
mentary to  permit  of  an  exhaustive  description,  and  in  the 
second  place,  for  practical  purposes,  it  would  seem  to  be  much 
more  important  that  the  student  possess  a  clearly  defined  idea 
of  one  or  two  of  the  principal  paths  than  that  he  have  his  con- 
ception confused  by  a  mass  of  bewildering  details  which  can  not 
as  yet  be  adequately  valued. 

Since  their  discovery  by  Piccolomini  the  strim  medulUires^ 
those  white  bands  which  run  across  the  floor  of  the  fourth 
ventricle  and  which  vary  so  enormously  in  different  individuals^ 
have  attracted  the  attention  of  many  neurologists  (cf.  Fig.  372, 
pp.  557).  Sometimes  they  may  be  entirely  absent  on  one  or 
both  sides ;  in  other  instances  they  are  very  markedly  developed, 
'\\  forming  a  very  striking  anatomical  feature.     The  bands  do  not 

run,  as  a  rule,  exactly  transversely,  nor  are  they  all  parallel  to 
one  another,  for  one  band  may  even  cross  some  of  the  others. 
One  stripe,  often  seen  running  obliquely  forward  and  to  the 
side,  is  known  as  the  conductor  sonorus  {Klangstab  of  Berg- 
mann).*  Later  studies  make  it  seem  likely  that  Bergmann'*8 
stripe  really  has  nothing  to  do  with  the  conduction  of  auditory 
impulses.  Embryological  studies  of  von  Bechterew  show  that 
the  stria?  medullares  become  medullated  at  a  relatively  late 
period.  He  thinks  that  they  have  nothing  to  do  with  the 
acoustic  path,  but  represent  cerebellar  connections. 

The  study  of  secondary  degenerations  has  thrown  consider- 
able light  upon  the  peripheral  and  central  relations  of  the  strise 
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*  H<Tgmann,G.  II.     Xeue  Untersuchiingen  ueber  dieinnere  Organisation 
<U's  (rohirns,  Hannover  (1H31),  8vo. 
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meduUares.  Section  of  the  cochlear  nerve  causes  but  little  de- 
generation in  the  striae  [Forel,*  and  Onufrowicz  f].  That  cer- 
tain of  the  fibres  of  the  cochlear  nerve  enter  directly  into  the  striae 
medullares  was  shown  to  be  probable  by  the  studies  of  Baginsky 
and  of  Held,  and  has  recently  been  proved  definitely  by  Marchi's 
method  by  Thomas.  J  The  experiments  of  von  Monakow  proved 
directly  that  the  lateral  lemniscus  is  in  part  a  continuation  of 
the  striae  medullares,*  and  the  later  studies  of  the  same  investi- 
gator n  have  made  the  relations  of  the  striae  still  clearer.  Thus 
section  of  the  lateral  lemniscus  in  a  newborn  cat  leads  to 
atrophy  of  the  striae  acusticae,  and  of  the  nucleus  nervi  coch- 
learis  dorsalis  of  the  opposite  side.  It  is  especially  the  cells  of 
the  middle  layer  of  the  nucleus  nervi  cochlearis  dorsalis  which 
atrophy  on  section  of  the  lemniscus  lateralis.  The  fibres  can 
be  followed  from  the  dorsal  cochlear  nucleus  around  the  corpus 
restiforme  on  to  the  floor  of  the  ventricle,  whence  they  plunge 
down  ventrally  to  pass  between  the  stratum  griseum  centrale 
and  the  nucleus  nervi  vestibuli  lateralis  of  Deiters  to  reach 
the  raphe,  where  they  decussate  with  similar  fibres  of  the  oppo- 
site side,  and  pass  to  the  dorsal  white  matter  of  the  nucleus 
olivaris  superior  on  that  side.  Thence  they  turn  upward  into 
the  lateral  lemniscus.  It  seems  not  unlikely  that  in  the  striae 
medullares  are  contained  fibres  which  run  in  both  directions; 
namely,  (1)  fibres  which  represent  axones  of  cells  situated  in 
the  nucleus  nervi  cochlearis  dorsalis,  and  which  pass  upward 
to  the  lateral  lemniscus  of  the  opposite  side;  and  (2)  fibres 
which  represent  axones  arising  in  the  gray  matter  of  the  coUicu- 
lus  inferior,  and  run  downward  to  end  in  the  dorsal  cochlear 
nucleus.  Von  Kolliker,  who  has  carefully  studied  the  striae 
medullares,  reserves  the  term  striae  acusticae  for  the  fibres 
which  represent  central  connections  of  the  cochlear  nerve,  and 

♦  Forel,  A.  VorlSuflge  Mittheilung  ueber  den  Ursprung  des  Nervus 
acusticus.     Neurol.  Ceutralbl.,  Leipz.,  Bd.  iii  (1885),  S.  101-103. 

f  Onufrowicz,  B.  Experimenteller  Beitrag  zur  Kenntniss  des  Ursprungs 
des  Nervus  acusticus  des  Kaninchens.  Arch.  f.  Psychiat.,  Berl.,  Bd.  xvi 
(1885),  S.  711-742. 

X  Thomas,  A.  Les  terminaisons  centrales  de  la  racine  labyrinthique. 
Compt.  rend  Soc.  de  bioL,  Par.,  10.  s.,  t.  v.  (1898),  p.  183. 

*  von  Monakow,  C.  Schweiz.  naturf.  Versamral.  in  Gcnf  (1886),  and 
Arch.  d.  sc.  phys.  et  nat.,  Geneve,  1886. 

I  von  Monakow,  C.  Strire  Acusticae  und  untere  Schleife.  Arch.  f. 
Psychiat.,  Berl.,  Bd.  xxii  (1890),  S.  1-26. 
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the  term  stride  meduUares  for  the  fibres  not  concerned  in  the 
auditory  path.  He  pictures  a  large  bundle  running  across  the 
floor  of  the  ventricle  in  the  middle  line,  then  running  ventral- 
ward  in  the  raphe  to  become  external  arcuate  fibres  which  go 
toward  the  cerebellum  (Fig.  53C).     It  is  by  no  means  certain. 
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Fid.  536. — TraiisviTse  section  of  the  human  medulla  ohlongata.  Weigert  Htain- 
ing.  (After  A.  von  Kolliker,  Ilandbueh  der  (Tcwebelehre,  VI.  Aufl.,  Bd.  ii. 
Ix'ipz.,  1896,  S.  384,  Fig.  656.)  (h^,  nucleus  N.  Cixhlearis  vcntraliM;  A'c.  N. 
cochlea*;  Mi,  nucleus  funiculi  teretis;  /?,  cimtinuation  of  strife  medullareM 
dextne  et  sini.stne  thnmgh  the  raphe  and  decussation  of  the  name  at  the 
bott^mi  of  the  ventral  sulcus ;  the  fibres  then  go  over  into  fibne  antuatae  ven- 
trales  (Farcr)  lati'ral  from  the  pyramid  and  olivf®  as  for  as  the  corpus  resti- 
forme  (Ar). 

however,  that  the  latter  fibres  have  anything  to  do  with  the 
auditory  conduction  paths.  It  seems  tolerably  certain  that  the 
strisB  medullares  in  man  are  quite  different  from  those  of  many 
animals,  for  in  man  there  seem  to  be  many  more  fibres  which 
have  to  do  with  the  cerebellum  than  in  the  cat  and  rabbit,  in 
which  the  stria?  medullares  seem  to  be  almost  exclusively 
auditory  fibres. 

The  stria?  acusticae  have  been  carefully  studied  by  Golgi's 
method  by  Held  and  by  Ramon  y  Cajal,  and  the  results  at 
which  these  observers  have  arrived  will  be  mentioned  as  soon 
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as  passing  notice  has  been  given  to  some  of  the  other  bundles  of 
fibres  and  gray  masses  in  connection  with  the  auditory  con- 
duction path. 

The  broad  bundle  of  transverse  fibres  lying  in  the  ventral 
portion  of  the  tegmental  part  of  the  pons  near  its  junction  with 
the  medulla  and  dorsal  to  the  fasciculi  pyramidales  is  known  as 
the  corpus  trapezoidetim  (Figs.  537  and  538).  In  the  interspaces 
between  the  transverse  fibres  are  seen  in  transverse  section 
many  nerve  fibres  running  longitudinally;  these  represent  in 
the  main  the  continuation  upward  of  the  stratum  interolivare 
lemnisci  to  form  the  lemniscus  medialis  of  the  general  sensory 
path. 

Just  dorsal  to  the  corpus  trapezoideum,  somewhat  laterally 
placed,  is  situated  the  nucleus  olivaris  superior  on  each  side. 
In  the  trapezoid  body  itself  is  to  be  found  the  Jiucleus  corporis 
trapezoidei.  Near  by  are  situated  the  nucleus  prceolivaris  and 
the  nucleus  semilunaris.  The  mixture  of  white  and  gray  matter 
in  the  region  of  the  nucleus  olivaris  superior  is  often  referred 
to  as  the  "  superior  olivary  complex,'*'* 

As  to  the  nature  of  the  corpus  trapezoideum  there  has  been 
perhaps  as  much  dispute  as  in  the  case  of  the  8tria3  medullares. 
Nevertheless,  there  can  no  longer  be  any  doubt  that  the  fibres 
of  the  corpus  trapezoideum  in  the  main  represent  medullated 
axones  of  auditory  neurones  of  the  second  order,  the  cell  bodies 
of  the  neurones  being  situated  chiefly  in  the  ventral  cochlear 
nuclei  of  the  two  sides.  The  proof  was  first  brought  by  Flech- 
sig  and  von  Bechterew,  who  adduced  the  results  of  embryological 
investigation  (study  of  myelinization),  and  their  position  has 
been  confirmed  by  means  of  Golgi's  method  by  Held,  von  KoUiker, 
and  Ramon  y  Cajal  {vide  infra)^  and  by  means  of  reconstruction 
methods  (F.  Sabin). 

Just  above  the  superior  olivary  complex  begins  the  lemniscus 
lateralis*  This  bundle  passes  upward  toward  the  mesenceph- 
alon, dorsal  and  at  first  somewhat  lateral  from  the  lemniscus 
medialis.  The  majority  of  its  fibres  having  reached  the  col- 
liculus  inferior  of  the  corpora  quadrigemina,  terminate  there, 
although  many  go  on  still  farther  through  the  brachium  quadri- 
geminum  inferius  to  reach  the  region  of  the  corpus  genieulatum 
mediale.     In  sections  of  the  brain  of  the  newborn  babe,  taken 


*  Vnterf.  Schleife  of  the  (}t»rmans,  ruban  de  Reil  inferieur  oi  the  French. 
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I  Bnd  durgul  portiou  of  nuiliua  olnftris  infetior       __.  . 

122.)  Ct  (orpuH  tnipezoidtuu  DecBr  Crmj  detufratio hrechii  tonjunolivi ; 
Av.SftAI  ctmiDUiKUre  )>rtw».u  Buclittrvw  h  iiucIvi  Drar  dotsal  CHpsulc 
(■rDUfliMitirabir  ^ai  fibne  areuake  lutrmK  taK  rrtraf  fomiculus  n-(ru- 
BfXIU  M«fDcrti  Fin  fiuwliulua  lonfiitud nulls  nmliiilia  Flp,  bundle 
continuuiM  with  the  fHwiculuH  Utt mlia  propnuH  of  tlie  rord  Flp  •!),  diiraHl 
ponluii  )f  hnudli  ronlmuuua  with  (uhcicuIuh  I  U  raliH  prunnus  uf  thv  i:nrd : 
L.I.,  lt<mniiicu»  labTRlm  L  m  kmniHCUH  mi-dialu  JN  ///  ladix  N.  uvulo- 
mnturii  \  Jfol  I  tDo^>^  rout  of  h  tnKimmiu  N  I  Beiuxirv  rout  uf  N, 
triKi'minuH  \  II  ladii  N  abduientia  \  ill  nulii  N  &rialiH  ihiv  m'- 
cuiuIh;  N  TtnL  nulii  N  %<Htibuli  \  \/  mdii  V  ai-cnwrni  N  \/^..  nidii 
N.  hjpoRlmu  ^^  Fl  m  [iu<1<uh  fawiruli  limKitudimilu  lucduiliH.  iir  nii- 
rlfua  rcimminHinf  putleniirix  inbrrrr  OraJaniafarttuJlrrH  uf  DHrkw  hewiltwh  J ; 
Xh.h.III  m  pHTH  impurnf  micliuii  N  oculumotuni  San  IIII  |iai8  latvnilU 
of  nuclpiiH  V  iHUloinntiini  \hoii  nurliiut  olivaHii  su|ieri<ir  Vh.h.c.I'.. 
nuclcuH  V  oophlew  ventral  18  \m  o  i  audi  us  ilivariH  iiifinor  A'M.o.n.ni.. 
nadpUR  iilivariH  atdtHmui  mi-diitliK  Trfr  nn  I)  tnrt  fn  lu  I>eit(r!)'  uuclcus 
to  the  spinal  (urd        I  n  pint   >ii  lij  Ur    I  ihii  HiwiUon  ) 
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transversely  through  the  collicalite  inferior,  the  fibres  of  thp 
luternl  lemniseus  can  be  seen  surrounding  the  ventral  surface 


Fid.  S3fl.— Tmnavemc  npctiiin  throuKli  brain  of  iiewbnrn  habt'.  I,cvpI  uf  cullivuli 
iufpriiiivs  of  tiirpinii  (iHMilriRoiiiiiiii.  ( Wel^i'rtral.  scrii-H  ii.  sct-tiuii  Ni).  !90.  ■ 
Aq.CfT..  aqueductUH  rcrcbri ;  ■.  BbTfa  runiiiUK  Troni  iHlcml  IcmiiiiKUH  tuwmnl 
iliirntil  border  iif  hncbiiiiii  r»n]iinctivnin  ;  Br.  <^j,,  bnu'hiiim  ronjunctiTam  : 
t'.c.i,,  comniUBUre  bptw^cn  the  rollicoU  infrriun.'*! ;  /Vr.RrrA..  vciitml  puitiiiii 
vf  hnchium  ronjiinctivum,  whi<-h  lii  rnllit]'  fumw  ■)  rutnniuHaTU  brtwcrn  thr 
Miperior  iiDrlt'l  iif  tbc  viwtibnlar  n^rvmiif  thctwoHidcn;  ^'.I.iil.  burtculiuloii- 
fcitudinali* medialiH ;  F.I^..t»Kivali  Uiniritiidiiiak»i|Hmtii<tpyninidftU-«.i;  L.I,. 
IcmniaruH  Inlfmliii  in  lurKc  pari  ti-miinalinK  in  tbc  nui-lciifl  nt  the  collicuIUK 
inreriiir;  /„«.,  lemiiiwiw  mi-diaH»;  Xil'.,  N.  tiwhlinriB:  .Vti.fMf.iH/.  iiuclfUK 
mllii'uli  itirt'riuriB ;  A'N.r.a.lfl.  niidt-UM  u-iitinliit  cupi'riur,  pan  iHU'nlui : 
.Vii.rj>.rH).iiuc'lpii!i FPiitniliH xupeiior.  pan nicdialJH ;  H.il.n.l'.. radii ili'an>ndi>nK 
[ni(wn<vphiiljiii}  N.  triKt-niini ;  Sl.grf.,  HtrHtuni  grisi'ui 
ticn  l.y  l)r,  Jiihn  Ilcni-lw.ii.l 
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of  the  niiclous  collieuli  inferioris  verj-  much  like  a  calyx  (Fig, 
53ft). 

The  nvrlevs  lenniisn  lateralin  ia  unatomlcallj  continuous 
with  the  nucleus  olivarig  superior,  although  the  character  of 
the  cells  situated  in  the  former  is  very  different  from  that  of 
the  cells  in  the  latter.  The  nueleua  lemnisci  lateralis,  in  recoo- 
struotion,  forms  a  long  columnar  mass,  which  lies  in  a  trough. 
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medial  from  it,  made  by  the  fibres  of  the  lateral  lemnigcus. 
Ramun  y  Cajal  divides  this  nucleus  into  au  inferior  and  a 
superior  part  (vide  infra). 

The  colUculus  inferior  of  the  corpora  qnadrtgemina,  much 
better  developed  in  man  and  higher  mammals  than  in  lower 
forms,  presents  inside  a  very  much  more  distinct  nucleus  than 
does  the  colliculus  superior.  This  is  known  as  the  nucleus 
colliuuli  inferioris.  On  the  lateral  surface  of  the  mesencephalon 
the  lateral  lemniscus  is  visible  as  the  so-called  trigonum  lemnisci. 
The  coUiculus  inferior  is  connected  with  the  corpus  geniculatum 
mediale  of  the  diencephalon  through  the  brachium  quadrigemi- 
num  inferiua. 

The  corpun  gemctilatum  mediale  forms  a  small  ovoid  mass 
situated  medialward  from  the  lateral  geniculate  body  at  the 
junction  of  the  mesencephalon  with  the  diencephalon.  On  its 
surface  is  situated  a  superficial  layer  of  white  substance  which 
stands  in  relation  to  the  medial  root  of  the  tractus  opticus 
(commissura  inferior  Guddeni),  and  also  with   the   brachium 


/  i      Corpv  geniOilatain  mfdialt. 

fff  [        '    Brachium  gHailrigrminum  inferiw 


^yvrducf  ui  ttrtbrL 


Corput  ffenletUatum  Inlemlc 

HucJtut  pnMtfTinr  Hialami. 

Km.  540. — Frontal  sectioD  thruUKh  »  normal  hamaD  brain  at  the  level  of  decns- 
ratiu  hmchii  conjunctivi.  (After  C.  vou  Mouakow,  Atth.  f.  Psychiat.,  Bcrl., 
Bd.  xxvii.  189S.  Taf.  il,  Fig.  10.1  R,.  leinniBrna  «Dp«rior  (obm  ffdtlti/e) :  f\. 
maia  portion  ot  iumniecus  meiiaMs  i  Hauptthat  d^  Schlei/eniehkhl);  z,  bteral 
wbite  matter  or  lateiHl  geniculate  body. 

quadrigemtnum  inferius  from  the  colliculus  inferior  (Fig.  540). 
Inside  the  capsule  of  white  matter  is  situated  a  gray  mass 
known  as  the  nucleus  corporis  geniculati  medialis. 

The  topographical  relations  of  tlie  nuclei  terminales  of  the 
cochlear  nerve  have  been  described  in  Chapter  XXXVIII, 
where  the  peripheral  auditory  neurones  were  considered.  The 
difference  in  character  between  the  nucleus  nervi  cochlearis 
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ventralU   and  the   nucleus   nervi  cochlearis  dorsalis  were  re- 
ferred to  in  the  same  chapter. 

The  nucleus  nervi  covhlew  veitfralm  can  be  subdivided  into 
two  parts :  the  anterior  part  or  head,  and  the  posterior  part  or 


ill 


(After  Pi.  Rain6ti  y 
...  I'W.,  Breelur,  Leipz., 
iNHH.  .■^.  t<i,  riK.  31  A.)  A,  untcriiir  portion  of  nni-li'iis :  B.  uxuiimntH.ctteli- 
liip :  (',  uxinicij  iif  N.  vcHtllinli ;  D,  tractmi  iqiliiiliH  N.  trim-niiiii :  £.  curpuH 
lnilH-»>k1t'aiii :  *.  axiinv  (rom  rcll  IknI7  in  nni'IcuH  f(ciiii>  tii  t'lirpun  Irap^ 
EiiiiU'iini  nnil  Riving  uff  a  rHlUtcnil  whirh  niiiH  (ItirsalwHnI :  b,  aiioiP  with 
riilliili'nil  niiiniiig  liJ  Ihi"  aiituritir  piirliini  cif  lliy  vi'iitml  nuclfUB;  c.  uii- 
lirHucliiil  uxiiiii'  (EiiiiiK  din^'tlj'  iiitii  lli>-  rnr]>iiii  tniiH-Eiiiilfuni :  rf.  anothrr 
UXU11I'  H-ilh    I'olLatonkI    jiasiiiiK    •liiiHiilwunl ;    t,  eud    bulb   of  uiuue  u{  S. 
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tail  of  the  nucleus.  The  cells  in  the  tail  are  somewhat  less 
regular  and  rather  larger  than  those  in  the  head.  In  both  re- 
gions they  possess  numerous  dendrites,  which  branch  manifoldly 
in  the  gray  matter.  The  medullated  axones  of  the  cells  situated 
in  the  anterior  or  head  portion  of  the  nucleus  (Fig.  541)  pass 
forward  and  medialward  in  a  rather  narrow  bundle  to  enter  the 
trapezoid  body,  where  they  spread  out  to  form  the  transverse 
^bres  of  this  structure.  The  axones  arise  usually  from  the  cell 
body,  but  occasionally  come  off  from  the  dendrites  at  a  consid- 
erable* distance  from  the  cell,  a  fact  to  which  P.  Martin 
attributes  Sala's  mistaking  certain  of  the  cells  of  this  nucleus 
for  spinal  ganglion  cells.  As  Held  has  shown,  not  all  of  the 
axones  from  the  ventral  cochlear  nucleus  pass  ventral  to  the 
corpus  restiforme  into  the  trapezoid  body  ;  a  certain  number  of 
them,  those  in  the  tail  portion  of  the  nucleus  (Fig.  542),  go 
dorsal  to  the  corpus  restiforme  to  plunge  down  again  medial- 
ward  and  forward  to  enter  the  corpus  trapezoideum,  passing 
either  medial  to  or  lateral  from  the  fibres  of  the  tractus  spinalis 
nervi  trigemini.  Some  of  these  fibres  give  off,  in  passing,  col- 
laterals to  the  nucleus  nervi  vestibuli  lateralis  of  Deiters. 
The  axones  from  the  nucleus  nervi  cochlearis  ventralis,  having 
arrived  in  the  corpus  trapezoideum  either  by  a  path  ventral  to 
the  corpus  restiforme  or  by  one  dorsal  to  that  body,  proceed,  as 
a  rule,  through  this  structure  to  the  region  of  the  superior 
olivary  complex  of  the  opposite  side,  where  they  turn  to  run 
forward  in  the  opposite  lemniscus  lateralis.*  Not  all  the 
axones,  however,  from  the  ventral  cochlear  nucleus  go  into  the 
lateral  lemniscus  of  the  opposite  side.  Many  of  them  appear  to 
terminate  in  the  nuclei  of  the  superior  olivary  complex  of  the 
same  side  and  more  of  them  in  the  nuclei  of  the  superior 
olivary  complex  of  the  opposite  side.  Further,  a  few  in  all 
probability  run  to  terminate  in  the  nucleus  nervi  cochlearis 
ventralis  of  the  opposite  side,  for,  besides  the  terminal  fibres  of 
the  cochlear  nerve,  there  are  to  be  made  out  within  each 
ventral  cochlear  nucleus  terminal  axones  arriving  from  the 
trapezoid  body. 


•This  is  difficult  to  bring  into  accord  with  von  Monakow's  statement 
that  after  section  of  the  lateral  lemniscus  in  young  animals  there  is  no 
atrophy  or  degeneration  of  the  trapezoid  body.  The  conflicting  results  of 
the  various  investigators  are  carefully  compared  and  subjected  to  a  searching 
'Criticism  in  the  article  of  Held,  1891. 


THE  SERVOUS  SYSTEM. 


MU.— Nuplfi  tprminiilmi  of  the  V.  rochlcw  of  ■  foDr-day-oliI  nbbit.  iKftrr 
.  Riim6n  7  CnjnX,  Ri'itniR  ziiin  SliKliuni  der  Mrdulln  Olilimsabi.  Bnwler. 
ififx..  INM.  S.  H4,  Pljt.  22. )  .-1.  nu<-li-UB  N.  cochlne  v«n(nlii> :  B,  caudal  for- 
inn  of  vcnlml  nncU'im;  C.  nuclciw  N.  cnchlcte  dorHalli  (tabereulum  acosti- 
11m  t :  E.  corpus  rcRtifomir  ;  F,  tnwtnH  HpinnliH  K.  trigemlni. 
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The  nucleus  nervi  cochleiB  dorsalis^  often  spoken  of  as  the 
tuberculum  acusticum,  is  a  leaflike  mass  of  gray  matter  wrapped 
about  the  dorso-lateral  surface  of  the  corpus  restiforme.  In 
transverse  section  through  the  rhombencephalon  this  nucleus 
appears  to  be  divided  into  three  zones,  of  which  the  middle  one 
is  almost  entirely  free  from  meduUated  fibres.  The  meduUated 
axones  of  the  cells  situated  here  all  pass  dorsal  to  the  corpus 
restiforme,  but  the  fibres  can  be  divided  into  two  groups :  {a) 
those  which  enter  the  striae  medullares  to  pass  to  the  middle 
line,  there  to  decussate  with  similar  fibres  from  the  opposite  side 
and  to  dip  down  and  become  involved  in  the  superior  olivary 
complex,  the  impulses  ultimately  finding  their  further  course 
forward  in  all  probability  through  the  fibres  of  the  lemniscus 
lateralis,  and  (b)  those  which,  instead  of  entering  the  striae  me- 
dullares, plunge  directly  downward  to  arrive  in  the  superior  oli- 
vary complex,  the  trapezoid  body,  or  the  lateral  lemniscus.  The 
former  group  represents  the  dorsal  ^ath  of  Held,  and  the  latter 
group  the  ventral  path  of  Held  from  the  dorsal  cochlear  nucleus. 

It  is  thus  seen  that  from  both  the  ventral  cochlear  nucleus 
and  the  dorsal  cochlear  nucleus  we  have  to  deal  with  a  dorsal 
and  a  ventral  path.  The  exact  terminations  of  the  axones  has 
not  been  clearly  made  out  for  any  one  of  these  paths.  How 
many  terminate  in  the  gray  matter  of  the  superior  olivary  com- 
plex of  the  same  side  or  of  the  opposite  side  is  not  yet  clear ; 
and  how  many  fibres,  if  any,  are  directly  continued  on  into  the 
lemniscus  lateralis  of  the  opposite  side  or  of  the  same  side  we 
do  not  yet  know.  It  seems  certain  that  the  majority  of  the  im- 
pulses coming  out  from  the  nuclei  terminales  of  the  cochlear 
nerve  on  one  side  ultimately  travel  forward  directly  or  indirectly 
through  the  lemniscus  lateralis  of  the  opposite  side.  That  a 
certain  proportion  of  the  impulses  pass  up  on  the  same  side 
seems,  however,  to  be  generally  accepted.* 

The  best  general  description  of  the  nurleus  olivaris  superior 
since  the  articles  of  J.  Lockhart  Clarke,  Schroder  van  der 
Kolk,  Dean,  and  Spitzka,  is  that  of  von  Kolliker.f     The  nucleus 


*  For  A  report  on  an  interesting  case  of  pathological  implication  of  the 
nuclei  of  the  cochlear  nerve  the  readier  is  referred  to  the  article  by  Adolf 
Meyer,  Anatomical  Findings  in  a  Case  of  Facial  Paralysis  of  Ten  Days 
Duration  in  a  General  Paralytic,  with  Remarks  on  the  Termination  of  the 
*•  Auditory  "  Nerves.     J.  Exper.  Med.,  N.  Y.,  vol.  ii  (1897),  pp.  607-611. 

t  von  kolliker.  op.  n't.,  S.  26:J  ff. 


852  THE  NERVOUS  SYSTEM. 

is  much  smaller  in  human  beings  than  in  animals.  Flechsig^ 
in  his  lectures  during  the  summer  semester  of  1895,  suggested 
that  the  nucleus  olivaris  superior  might  be  concerned  with  the 
innervation  of  the  muscles  of  the  ear,  inasmuch  as  it  is  much 
larger  in  animals  that  have  large,  very  movable  ears.  It  is 
described  by  von  Kolliker  as  consisting  of  three  portions:  a 
larger  medial  portion,  and  two  lateral  cylindrical  masses.  Ite 
situation  in  the  pons  is  ventro-medial  as  regards  the  nucleus 
nervi  facialis.  It  is  surrounded  by  and  partly  imbedded  in  the 
fibres  of  the  corpus  trapezoideum.  The  structure  is  most  easily 
studied  in  the  medulla  of  the  cat  or  rabbit ;  according  to  Spitzka, 
it  is  highly  developed  in  cetaceans. 

In  the  nucleus  olivaris  superior  are  situated  a  very  large 
number  of  nerve  cells  which  send  their  axones  in  various  direc- 
tions, while  the  nucleus  receives  terminals  and  collaterals  in 
enormous  numbers.  The  attempt  has  been  made  to  establish 
the  relations  of  the  nucleils  to  other  portions  of  the  nervous 
system  by  studies  with  the  embryological  method  of  Flechsig, 
with  secondary  degenerations,  and  with  the  method  of  Golgi. 
The  researches  of  Flechsig  and  von  Bechterew  show  a  corre- 
spondence in  myelinization  of  a  portion  of  the  white  matter  of 
the  superior  olive  to  that  of  the  trapezoid  body  and  the  lateral 
lemniscus.  Von  Bechterew  has  further  postulated  (from 
studies  of  myelinization)  a  connection  of  the  nucleus  olivaria 
superior  with  the  nucleus  fastigii  through  a  bundle  which 
passes  through  the  medial  part  of  the  corpus  restiforme.  He 
has  also  described  a  connection  between  the  nucleus  olivaris 
superior  and  the  nucleus  nervi  abducentis  by  means  of  a  bundle 
of  fibres,  which  passes  out  of  the  dorsal  portion  of  the  superior 
olivary  nucleus,  runs  parallel  to  the  root  fibres  of  the  nervus 
facialis,  and  goes  to  terminate  in  the  nucleus  nervi  abducentis 
This  bundle  is  known  as  the  peduncle  of  the  nucleus  olivaria 
superior,  and  is  shown  in  its  first  portion  at  least  in  the  accom- 
panying figure  (Fig.  543)  taken  from  von  KoUiker's  text-book. 

According  to  Baginsky,  if  the  cochlea  be  destroyed  in  a 
newborn  animal  there  results  atrophy  and  disappearance  of  the 
cells  and  white  matter  of  the  nucleus  olivaris  superior  of  the 
same  side.  Von  Monakow  found  that,  on  cutting  the  lateral 
lemniscus  on  the  right  side  in  the  cat  or  dog,  the  dorsal  white 
matter  of  the  right  upper  olive  atrophied  and  disappeared. 
Not  all  of  the  white  matter,  however,  of  the  upper  olive  standa 
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in  relation  to  the  lateral  lemniscus,  and,  what  is  more,  section 
of  the  lateral  lemniscns  leads  to  atrophy  and  degeneration  of 
only  a  portion  of  the  cells  in  the  micleue  olivaris  superior. 
Von  Jlonakow,  therefore,  holds  that  the  nncleua  oUvariB  su- 
perior stands  only  in  part  in  relation  to  the  lemniscus  lateralis 
of  the  opposite  aide,  the  fibres  concerned  passing  through  the 
dorsal  white  matter  of  the  olive  and  occupying  the  dorsal  field 
in  cross  sections  of  the  lateral  lemniscus.* 


>^ 


Fio.  543— CrosH  MHtlon  thmugh  the  d  r^I  part  of  the  jmnsal  tl  e  lev  I  of  the 
nudeoa  N.  rochlne  vtntnilis.  (After  A.  von  Kollikpr.  Handburh  dcr 
Gewebelehre.  VI.  Aufl..  Bd.  ii.  Leipz..  1H96.  S.  283.  Fig.  483. }  D.  nnclcufi  N. 
Ttfltihali  iHtonlis  (Ueitcrel;  Fl.  ruwirulus  lonKituitinalii'  mrdialjn;  Frh, 
vi'nt rival iu>  qnartug:  oo.  nucleus  olIvnriH  superior ;  Sto,  pcdunrle  of  nurleus 
olivaris  superior:  TV.  nnTius  tropczuidoum:  I'.  tractuispiiiiilU  N,  tri^mini ; 
A>.  N.  vetttibuli :  VI,  nidli  N.  abducentiH ;  !'/■,  nuvlous  N.  ahtlucentu  |  I'll. 
nucleus  N.  facialU;  17/'.  radix  N.  facialis,  pare  prima:  17/',  radix  N. 
Arialis  genu  internum :  VII',  radix  N.  facialin.  pars  nevunda ;  VIII.  nucleus 
K.  eochleie  vcnlralis;   I'll!',  radix  dcscendens  N.  vesllbuli. 

The  studies  undertaken  by  the  Golgi  method  have  led  to 
somewhat  more  satisfactory  results  in  this  region.  These  have 
been  carried  out  by  Held,  von  Kolliker,  and  Ram6n  y  Cajal. 
Without  going  into  a  detailed  description,  the  following  general 
statements  may  be  made :  The  cell  bodies  in  the  nucleus  oli- 
varis superior  resemble  a  good  deal  in  type  those  of  the  nucle- 

*  von  Monftkow.  C.  Slria-  Acust[cie  und  nntere  Schleife.  Arth.  t.  Psj-- 
ebiat.,  Berl.,  Bil.  xxii  (1890).  S.  1-26. 
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us  olivaris  inferior  and  tliose  of  the  nucleus  dentatus  of  the 
cerebellum.  They  possess  numerous  much-branched  dendrites, 
which  are  turned  toward  the  interior  of  the  nucleus,  the  axones 
being  directed  in  the  main  toward  the  periphery  of  the  nucleus. 
The  axones  of  the  cells,  according  to  Ramon  y  Cajal,  pass  in 
three  directions :  (1)  The  majority  of  them,  after  giving  off  col- 
laterals in  the  nucleus  itself,  pass  to  the  dorsal  surface  of  the 
nucleus,  and  then  turn  to  run  vertically  (either  by  bending  or 
by  bifurcation)  in  a  longitudinal  bundle,  which  is  continuous 
with  the  lemniscus  lateralis  of  the  same  side.  (2)  A  certain 
number  of  axones  much  curved  inside  the  nucleus  leave  the 
latter  at  its  lateral  border  to  enter  the  trapezoid  body,  where 
they  can  be  followed  nearly  as  far  as  the  nucleus  nervi  coch- 
learis  ventralis.  Held  describes  similar  axones  as  actually  ter- 
minating inside  the  ventral  cochlear  nucleus.  (3)  Other  axones 
arising  in  the  nucleus  olivaris  superior  pass  out  at  the  medial 
side  of  the  nucleus  to  enter  tlie  plexus  of  the  nucleus  pra?oH- 
varis,  there  to  mingle  with  the  fibres  of  the  trapezoid  body. 
Further,  according  to  Held,  axones  can  be  followed  from  the 
cells  of  the  nucleus  olivaris  superior  directly  into  the  nucleus 
nervi  abducentis,  these  axones  doubtless  corresponding  to  the 
bundle  which  has  long  been  described  in  Weigert  preparations 
as  the  peduncle  of  the  nucleus  olivaris  superior.*  It  is  not  un- 
likely that  such  a  path  is  of  importance  in  connection  with  the 
acoustic  eye  muscle  reflexes. 

Terminating  in  the  nucleus  olivaris  superior  can  be  made 
out  many  fibres  from  the  corpus  trapezoideum.  Many  of  these 
are  doubtless  terminal  fibres,  but  the  main  mass  of  them  con- 
sists of  an  enormous  number  of  collaterals  given  off  almost  at 
a  right  angle  from  the  transverse  fibres  of  the  corpus  trape- 
zoideum. These  terminals  and  collaterals,  together  with  the  ter- 
minals and  collaterals  which  enter  the  nucleus  from  the  for- 
matio  reticularis,  and  the  collaterals  from  the  axones  arising 
from  the  cells  in  the  nucleus  itself,  form  a  dense  plexus  of 
fibres  as  complicated,  perhaps,  as  any  met  within  the  central 
nervous  system.  The  accompanying  figure  illustrates  well  some 
of  these  relations  (Fig.  544). 

The  m/rleitit  corporis  irapezoidei  is  also  better  developed  in 
other  mammals  than  in  man,  but  can  nearly  always  be  distinctly 


♦  Stittl  (Ifr  k'lt*in*'n  OHve  of  the  Gt»rnmns. 
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made  out.  It  is  situated  between  the  nucleus  olivaris  superior 
and  the  root  fibres  of  the  nervua  abducens,  the  cells  which  com- 
pose it  lying  in  among  the  fibres  of  the  corpus  trapezoideum. 
In  this  nucleus  terminate  many  collaterals  from  the  transverse 
fibres  of  the  corpus  trapezoideum,  and  a  certain  number  of  ter- 
minal fibres  which  come  from  the  region  of  the  raphe.     In  ad- 


»i<l«uiii  of  a  newborn 
cat.  Method  of  Golgi.  lAftot  A.  von  Kollikvr,  Uandhuch  dec  OewebelehTc, 
VI.  Aufl..  Bd.  ti,  L(>ipz.,  1SS6,  S.  307.  Fii;.  48«.)  VII.  radix  N.  focialiB,  pan 
seeaiiclB;  01.  lateral  lobe  of  nucleus  olivaris  inferior;  O.m.  medial  lobe ;  (r. 
aionm  in  corpuH  trapezoideum;  Ir',  baudles  of  vollatemlg  from  tiapeioid 
axones  passing  into  nucleus  olivaris  inferior ;  tri,  cells  of  uucleus  corporis 
trapeioidei ;  (n'.  aiones  to  the  name. 

dition  there  terminate  in  this  nucleus  a  certain  number  of 
rather  large  thick  axones  which,  on  coming  into  contact  with 
the  cell  bodies  situated  in  the  nucleus,  expand  into  those  pecul- 
iar end-plaques  or  acoustic  calyces  which  were  discovered  by 
Held,  and  wliich  have  been  so  carefully  studied  by  bim  and  by 
Bamon  y  Cajal.  The  latter  fibres  come  from  the  region  of  the 
raphe,  possibly  from  the  nucleus  nervi  cochleee  ventralis  (Ba- 
mon y  Cajal),  or  possibly  from  the  nucleus  corporis  trapezoidei 
of  the  opposite  side  (Held);  they  enter  the  nucleus  of  the 
trapezoid  body ,  where  the  aione  widens  and  spreads  out  to 
form  the  yellowish,  almost  homogeneous,  cup-shaped  e^tpansion, 
which  fuses  with  a  spherical  cell  body  inside  the  nucleus. 
Ram6n  y  Cajal  has  compared  this  plaque  to  the  Tastmenuken 
(of  Merkel),  and  to  the  ivy-shaped  endings  which  Ranvier  has 
46 
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llu'  (fllH  iu  the  iiiicli'iis  ciirpuris  t™pi-»iidf i. 

,   Aiml..  tbinii.  Bd.  ilvii.  1896.  Taf.  iiiviii. 

II  thrtiiiKli  tli(-  Tegiim  uf  tilt  of  the  N.  ab- 

[i  yiiimn-iilK :    Qifthylciu'-I)lup  BWininu.     Brtwwn   the 

iii'<-ns  uri' wi-ii  iiunii-ruiiH  hxoiu's  tcrniiiuttiiiK  upun  Ibr 

if  the  tniixniiil  Wly,     II.   Kiicl  apparatiix  fnim  another 

~'  ■».    C  The  flame  HtruftureB  ntaini'd  hy  the  sinw  Golgi 

H'Vfnil  wei'kii  old.     Only  a  Tew  uf  the  endiiiBS  ate 

I  all  tilt  flgures. 
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described  in  the  skin.  Theae  axonea  terminating  in  acoustic 
calyces  on  the  cells  of  the  trapezoid  nucleus  are  much  larger 
than  the  axones  arising  from 


Flu.  iHa,— <'(]]  rrum  nack-UH  vurpurig 
traptzoidci  of  ncwliom  cat,  (After 
H.  Held,  Arch.  f.  AnaL  u.  Physiol., 
Aiwt.  Abth.,  1897.  Tuf.  lii,  Fig.  2.) 
Fiiarion  with  van  GobuohU-n'g 
miituiv  ;  Blaiiiing  with  ir"n  hienui- 
toiylin.  The  larfte  itxone  is  aetn 
tfrmiimtiuK  upon  the  trfl  and  ex- 
hibiting what  Held  calls  foni'n.'s. 
eemre  Halation.  The  small  axone 
with  itnaiiint'  hillock  is  arislDR  from 
the  cell  body  shuwn  in  the  figure. 


the  cells  of  the  nucleus.  It 
is  possible  to  stain  them  with 
hematoxylin  and  carmine  in 
ordinary  Bcctions  (Ramon  y 
Cajal),  and  recently  they  have 
been  stained  in  the  newborn 
guinea-pig,  rat,  and  rabbit  with 
methylene-blne  (Semi  Meyer)* 
(Fig.  545).  Held  has  recently 
undertaken  again  the  study  of 
these  structnree  by  the  most 
careful  methods,  and  has  util- 
ized his  results  to  support  his 
doctrine  of  concrescence  as  one 
mode  of  interneuronal  relationf 
(Figs.  546  and  547). 

Under  the  designation  nucleus  prceoliraris,  Ramon  y  Cajal 
includes  the  mass  of  cells  lying  ventral  from  the  nucleus  oli- 
varis  superior  and  lateral  from  the  nucleus  corporis  trapezoidei. 
This  nucleus  is  included  by  most  writers  in  the  nucleus  of  the 
trapezoid  body,  but  its  cells  are  much  larger  and  are  of  differ- 
ent shape.  The  dendrites  are  large  and  manifoldly  branched. 
The  axones  pass  into  the  lateral  lemniscus  in  its  medial  part 
(Fig,  548),  A  few  axones  pass  lateralward,  perhaps,  to  form  an 
association  path  between  the  nucleus  pneolivaris  and  the  nuclei 
terminates  of  the  cochlear  nerve.  The  curious  calyxlike  end- 
ings characteristic  of  the  nuclens  corporis  trapezoidei  are  not 
found  in  the  nucleus  prceolivaris. 

Still  another  nucleus  in  this  region  is  defined  by  Ramon  y 
Cajal.  He  describes  as  the  nucleus  semilujiaris  a  mass  of  nerve 
cells  situated  just  ventral  to  the  convexity  of  the  nucleus  oli- 


•  Meyer,  S.  Ueb*r  eine  Verbindunjjsweisc  der  Neuronen  ;  nebst  Mitt- 
heilungen  ucbcr  <lie  Techiiik  un<l  die  Erfolge  der  Methode  der  subculancn 
Methylcnblauinjeelion.  Arch.  f.  itiikr.  Anat.,  Bonn,  Bd.  ilvii  (1808),  S. 
784-748. 

t  Held,  H.  Beitrtge  znr  Striictiir  der  Nervcnzellen  und  ihrer  FortsBtze. 
Zweite  Abhandliin^.  An?)),  t.  Aiiut.  u.  Ph/Biol.,  Anat.  Abth.,  Lelpz.  (1807), 
H.  ii)  «id  iv,  S,  357  ff. 
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varia  superior  embrac  ng  its  ventral  surface  (Fig  649).  The 
celle  in  this  cresce  t  c  mass  are  stellate  triangular  or  spindle- 
shaped  ;  they  are  separated  from  one  another  by  interspaces  in 


Fig.  !H7.— Oi-ll  of  till'  nurli'iM  nuiBjria  trajH-zoiclii  ..r  an  adull  rabbit.  FixBlion 
with  van  GchiK-htvn'H  miituri' ;  jairaffiii  Hoction  l,n  mirmtin  tbirk  ;  rTTthTusiii 
metliyluinj-hlut;  HlBinhig.  (AfU'r  H.  Held.  Aivh.  f.  Aiiat.  u.  I'hjmiul,.  Anal. 
Ahth.,  Xjpipz.,  18ST,  Taf.  i.  Fie.  3.>  ThcHKU  iTlindim  In)  which  ftob;  the 
rell  are  staini-d  h»Tn[«<;ii?utiHlj' ;  the  I1bi«8  [b)  tennliiatinK  In  the  cell  con- 
tain lanfu  numbcin  ur  isolated  neuniaunieH:  the  Inwtr  Iwrder  of  the  cell 
inrlnaed  hy  the  terminal  axnno  sUovni  reiy  diittiiictly  a  most  intimal* 
union  betwueii  the  aiiH-cyliiidiT  pTotiiplaHni  and  the  Ktnund  gufastance  of  the 
cell  bndy.  BitiM'  here  the  same  plaoiua  layer  is  cum  nicin  tu  Ixith.  On  tiic  riRht' 
hand  Hide  the  v^bHiionRiiini  1b  wlde-mnthed  uwinK  to  coanie  Tscnoliiation  on 
account  of  which  the  axiH-cylinder  terminal  looks  tu  he  more  independent 
from  the  rest  of  the  cell  ntaiu. 

which  an  enormous  number  of  collaterals  are  distributed.  The 
a][ones  of  the  cells  situated  here  are  extremely  difficult  to  follow, 
but  appear  to  run  lateralward  to  become  associated  with  other 
fibres  of  the  corpus  trapezoideum.  The  nucleus  is  characterized 
definitely  by  the  entrance  into  it  of  two  or  more  bundles  of 
collaterals  of  such  estra ordinary  delicacy  that  Ram6n  y  Cajal 
considers  them  to  be  without  doubt  the  finest  io  the  whole  ner- 
vous system  {a  in  the  figure).  There  are  usually  two  such 
bundles,  the  lateral  being  somewhat  more  voluminous  than  the 
medial  bundle.  They  have  their  origin  in  the  more  superficial 
and  delicate  axones  of  the  corpus  trapezoideum,  from  which 
they  come  off  almost  at  a  right  angle.  The  terminal  branches 
of  these  collaterals  inside  the  nucleus  semilunaris  are  so  ex- 
tremely delicate  and  so  closely  interwoven  that  they  can  be 
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made  out  only  bj  means  of  the  highest  powers  of  the  micro- 
Bcope.  In  Golgi  preparations  they  are  so  fine  that  they  do  not 
stain  of  a  black  color,  but  look  yellowish,  and  resemble  minute 
pearly  threads.  These  bundles  of  collaterals  extending  between 
the  trapezoid  body  and  the  nucleus  semilunaris  are  easily  yisible 
in  Weigert-Pal  preparations.  They  are  often  mistaken  for  col- 
laterals which  go  to  the  nucleus  olivaris  superior,  but  Kamon  y 
Cajal  insists  that  the  latter  are  quite  different  from  those  under 
discussion,  inasmuch  as  they  are  much  coarser,  and  have  their 
origin  in  deeper  trapezoid  fibres  (C  in  the  figure). 


Fig.  048.— Transverse  section  thrnugli  the  region  of  the  corpus  t™pei 

nenbiim  muUHc.  The  upper  bordi'r  or  tbe  figure  represcnls  tiie  ventral  Bur- 
&e>e.  (After  8.  Bam6n  yC^al,  Beitiax  zuni  Ktudium  der  Medulla  Oblongata, 
BreBler,  Lclpz.,  1896.  S.  SS.  Fig.  23.)  ^.  uudrus  ulivarix  superior  ;  £.  nucleus 
pnpolivaris;  C,  nacleus  corporis  trapczoidei;  />.  faHcicull  pyismidoles  iu 
cross  section ;  E,  central  acoustic  path  or  place  vrhere  tLe  aiones  of  the  trape- 
zoid body  turn  tii  run  verticjill;  into  the  lemniscus  tsteralis;  a.  cell  of 
nucleus  of  trapezoid  body  the  Aione  of  which  ^ves  off  rullaterals  to  thii 
nucleus  and  to  the  nueleuH  pneolivaris;  b.  another  analogous  fibre  which 
bifurcalt« ;  c  collatentl  fnim  another  fibre  uf  the  same  sort  for  the  nuclens 
pneolivaris;  d,  cell  of  the  nui'lfun  pneolivaris  the  aione  of  which  appeara 
to  go  lateialward  ;  e,  cells  the  aioues  of  whifli  go  to  tbe  white  substance  to 
form  an  asceudinK  path  in,  n.  nl ;  /.  »,  j.  cells  of  the  nucleus  olivaris  superior; 
a,  radii  N.  faeialia,  par  seeunda. 

From  what  has  gone  before,  it  will  be  seen  that  the  corpus 
trapezoideum  is  a  very  complex  structure  containing  medullated 
axones  of  very  different  origin,  and  probably  of  very  different 
termination.  Von  Kiilliker  thinks  it  probable  that  the  major- 
ity of  the  transverse  fibres  represent  medullated  axones  arising 
from  cells  situated  in  the  ventral  cochlear  nuclei  of  the  two 
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Bides.  Bat,  in  addition,  there  are  undoubtedly  fibres  from  the 
nucleus  nervi  coclilearJa  dorsalis  of  each  Bide,  from  the  nucleus 
corporis  trapezoidei,  from  the  nucleus  olivaris  superior,  from 


Flit.  !MD.— Xui'lpn*  apmilunnriti  nf  a  nrwbom  mt :  m^lhod  of  OolBi.  i  After  S^ 
KuunVu  y  (.IObI.  IVilrufc  iimi  Sliidium  dtT  Mi-itulli)  Oblontntk,  rtr..  Bnatrr. 
Ijcim..  lD»e.S.  vn,  l'ig.-i3-t.)  .1.  uiiiin  p»rtii>ii  iif  iinrlriu  aemilanaru:  B. 
iiui-li'DK  ullvariii  suiii-riiir  ;  ('.  riant'  nillHlfTal»  cndiiiit  in  thp  nucleus  olinris 
Miporiiir ;  a,  hiiDilli-  nf  yvrjr  fine  l^ullatFrH1s  which  ku  ti>  the  uucleoa  la-ini- 
luiinris:  b,  JclicjtU"  KiilHTrtrinl  fil>n«  nf  ihf  i'i>rpus  trapcuiiilrum  ;  i 
11  Ihf t       .    K-       ..       . 


iili\uri>>  KUiH'TJor.  (hiMi 


H  III  iht'  >'i>n>us  trapcuiiilrum  ;  f,  tvnuinaU 
sui«'rii>r:  d,  a|>inillt'  ixiia  at  the  nuclrua 
wliii'h  K<>  inlo  llir  hilus. 


tho  nucloua  privolivaris,  and  possibly  from  the  nacleus  semi- 
luHiiris. 

The  finpr  structure  of  the  lateral  letiiniscus  must  next  be 
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considered.  The  medullated  fibres  of  which  it  consists  are  sep- 
arated from  one  another  by  islands  of  gray  matter.  The  gray 
masses  farm  two  main  nuclei :  the  nucleus  lemnisci  lateralis  in- 
ferior, which  is  directly  or  almost  directly  continuous  with  the 
nucleus  olivaris  inferior,  and  which  extends  for  a  conBiderable 
distance  upward,  and  the  so-called  nucleus  lemnisci  lateralis 
superior,  composed  of  a  number  of  gray  masses  more  or  less 
separated  from  one  another,  although  with  high  powers  minute 
columns  of  cells  can  be  seen  connecting  this  nucleus  with  the 
lower  one. 

IladU  ctcKwndeni  H.  Irigrmini.     FOriMlio  ttticvlari: 

\        I  yatcindua  l*>ngttwiiaatia  mediidtM. 
Brarh'um  conjimctixum  ,        i        i  Rnrlij^  ilrmvilmi  maetictphuHea 

Kiiclmltiuuitc-lal..  .1  ^         -^  t^i      .~~./"  I    -,. 

Ltmn  M  (ft)  -U-  ^I..  f  /     fi  ^'  ^  tH-^ 

Vuffcipmfiix'  \' 

LfnniKU*lalf,nI>-  ,-, 

'       LfmniKHi  mrdialli. 

Via.  !>50.— bit'a  liniin  nrkT  iicctiim  of  luiniiixuud  lub-mlin  on  riglit  nidi' ;  froDliil 
M'ctiim  thniujth  the  pons  juat  iiiftrior  U>  the  ™llioulii>i  guiivriiir.  (.\ft4-r  I:. 
von  Monakow,  Anh.  f.  rsychiat.,  B«rl.,  Bl.  .ixii,  ISBO,  Tuf.  i,  Kig.  1,) 

The  most  careful  studies  of  secondary  degeneration  follow- 
ing Ifsions  of  the  lateral  lemniscus  are  those  of  von  Monakow.* 
He  concludes  from  his  experiments  that  the  fibres  of  the  lateral 
lemniscus  can  be  divided  into  five  portions  : 

(1)  A  portion  connected  with  the  strise  acusticte  (Fig.  550,  e). 

(3)  \  portion  connected  with  the  nucleus  olivaris  superior 
(Fig.  550,  c). 

(3)  A  portion  connected  with  the  ventral  decussation  of  the 
tegmentum  (Fig.  550,  d). 

(4)  A  portion  connected  with  the  nucleus  lemnisci  lateralis 
(Fig.  550,  a). 

(5)  A  portion  consisting  of  very  short  fibres  (Fig.  550,  h). 

*  von  Monukow,  C.    Op.  cil. 
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The  first  portion,  that  connected  with  the  striae  acusticae,  he 
tliinks,  serves  to  connect  the  nuclei  terminales  of  the  cochlear 
nerve  with  the  cerebrum.  The  region  of  the  lateral  lemniscus 
occupied  by  these  fibres  is  shown  in  the  diagram  (Fig.  550). 

Von  Monakow's  statements  regarding  the  portion  of  the 
lateral  lemniscus  connected  with  the  ventral  decussation  of  the 
tegmentum  are  not  very  satisfactory.  He  believes,  however, 
that  it  is  the  medial  portion  of  the  lateral  lemniscus  which  is 
concerned.  Later  studies  have,  however,  shown  the  correctness 
of  this  view  of  von  Monakow,  and  in  Chapters  LVII  and  LVIII 
it  will  be  pointed  out  that  the  fibres  here  mentioned  are  the 
axoncs  of  cells  situated  in  the  nucleus  ruber.  They  descend  to 
the  spinal  cord. 

The  fibres  in  the  lateral  lemniscus,  which  are  connected 
with  the  nucleus  olivaris  superior,  occupy  the  dorsal  portion 
of  the  lateral  lemniscus,  being  mixed  with  the  portion  of 
the  lateral  lemniscus  which  is  connected  with  the  strise 
acusticje.  The  bundle  in  the  lateral  lemniscus  connected 
with  the  nucleus  lemnisci  lateralis  is  situated  in  its  central 
portion.  The  fifth  portion  of  the  lateral  lemniscus  described 
by  von  Monakow  as  consisting  of  short  fibres  is  probably  con- 
cerned in  connecting  neighboring  masses  of  gray  matter  with 
one  another. 

The  lateral  lemniscus  has  been  studied  by  Golgi's  method 
by  Held,  von  Kolliker,  and  Ramon  y  Cajal.  Held  believes  that 
the  medullated  axones  of  the  lateral  lemniscus  are  derived  from 
the  nucleus  nervi  cochlese  ventralis  of  the  same  side  and  of 
the  opposite  side,  from  the  nucleus  olivaris  superior  of  both 
sides,  from  the  nucleus  corporis  trapezoidei  of  both  sides,  and 
from  the  nucleus  nervi  cochleae  dorsalis  of  both  sides  by  way 
of  the  strise  acusticae.  His  views  concerning  the  relations  here 
are  well  shown  in  his  diagram  (Fig.  551).  Von  Kdlliker  con- 
firms these  results  in  part,  and  states  that  he  finds  fibres  from 
the  nucleus  nervi  cochleae  ventralis  going  to  the  lateral  lem- 
niscus of  the  opposite  side  to  form  its  ventral  part;  further, 
fibres  from  the  nucleus  olivaris  superior  and  nucleus  lemnisci 
lateralis  of  the  same  side.  He  also  confirms  von  Monakow's 
findings  of  the  relations  of  fibres  in  the  ventral  decussation  of 
the  tegmentum  to  the  lateral  lemniscus.  The  striae  acusticae, 
he  believes,  undoubtedly  help  to  form  the  lateral  lemniscus  in 
mammals. 


su 
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How  many  fibres  of  the  lateral  lemniscus  are  ascending 
axones  arising  in  nuclei  lower  down,  and  how  many  represent 
descending  axones,  is  not  yet  fully  decided.  Certainly  the 
majority  of  fibres  ascend  and  represent  an  auditory  conduc- 
tion path.  That  some  fibres  descend  seems  certain,  from  the 
studies  of  Held,  but  further  investigation  is  necessary  to 
determine  their  exact  number,  their  origin,  and  their  terminal 
relations. 

The  studies  of  Ramon  y  Cajal  with  regard  to  the  nurlei  of 
the  lateral  lemniHcus  are  helpful.  He  holds  that  while  the 
lower  nucleus  of  the  lateral  lemniscus  is  anatomically  continu- 
ous with  the  nucleus  olivaris  superior,  it  is  nevertheless  to  be 
sharply  separated  from  the  latter  nucleus,  for  its  constituent 
cells  are  very  different  in  shape,  and  the  axones  are  entirely 
different  in  their  distribution.  The  cells  in  the  lower  nucleus 
of  the  lateral  lemniscus  are  large,  stellate,  or  spindle-shaped, 
and  possess  long,  smooth  dendrites,  which  are  much  branched. 
The  axones  of  these  cells,  in  contradiction  to  Held,  Ramon  y 
Cajal  asserts,  do  not  ascend ;  at  any  rate,  in  the  majority  of  his 
preparations  he  found  that  they  passed  medialward,  appearing 
to  run  in  the  direction  of  the  raphe,  although  he  was  not  able 
to  follow  the  fibres  to  their  termination.  The  cells  of  the  latr 
eral  lemniscus  come  into  conduction  relation  with  an  enormous 
number  of  collaterals,  which  come  off  from  the  fibres  of  the 
lateral  lemniscus  as  they  pass  by,  a  fact  which  has  been  con- 
firmed both  by  Held  and  Ramon  y  Cajal. 

The  cells  of  the  upper  nucleus  of  the  lateral  lemniscus  are 
more  scattered.  Ramon  y  Cajal  states  that  in  general  they  are 
spindle-shaped  with  polar  dendrites,  which  extend  transversely. 
Here  again  the  axones  almost  all  go  medialward,  and,  he  be- 
lieves, decussate  in  the  middle  line  in  order  to  help  to  form  the 
ventral  decussation  of  the  tegmentum. 

There  has  been  much  dispute  as  to  the  nature  of  the  trans- 
verse bundles  of  rather  fine  fibres,  which  are  easily  visible  in 
Weigert  preparations  from  the  newborn  babe  (Fig.  552),  ex- 
tending between  the  lateral  lemniscus  and  the  region  of  the 
bracliium  conjunctivum.  Held  assumed  that  these  fibres  rep- 
resented medullated  axones  which  pass  from  the  lateral  lemnis- 
cus to  enter  the  brachium  conjunctivum,  and  to  follow  a  course 
farther  cerebralward,  similar  to  that  of  the  fibres  of  the  latter 
bundle.     This  view  has  been  opposed  by  von  Bechterew,  von 
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ing  down  either  lateral  or  medial  from  the  meeencepholie  root 
of  the  nervtiB  trigeminns.  In  order  to  form  definite  fibne 
arcnutffi  internte  (Fig.  5a3).  Ramon  y  Cajal  could  not  find 
these  fibres  described  by  Held,  nor  could  he  find  any  cells  in 
the  nuclei  of  the  lateml  lemniscus,  which  sent  axones  down- 
ward, such  aa  Held  describes.  We  have  frequently,  in  Prof. 
Mall's  laboratory  in  Baltimore,  observed  fibres  extending  from 
the  region  of  the  lateral  lemniscus  to  the  region  of  the  bracbium 
conjuiictivum,  but  have  not  been  able,  thus  far,  to  come  to 
any  posifive  conclusion  regarding  their  ultimate  distribntion. 


Th      m  ra       havi  g  d  n  b  rd 

of  the  mesencephalon,  passes  in  Urge  part  dorsalward,  as  has 
been  stated,  to  plunge  into  the  coUiculus  inferior  of  the  cor- 
pora quadrigemina  (Fig-  554).  At  this  level  the  reciprocal  re- 
lations of  the  lemniscus  lateralis,  the  lemniscus  medialis,  and 
the  brachium  conj'unctivum,  become  much  altered.  In  the 
pons  the  lemniscus  lateralis  is  situated  close  to  the  lemniscus 
medialis,  the  fibres  of  the  one  bundle  going  over  into  the 
other  without  sharp  limit.  But  from  this  point  on  the  two 
bundles  are  easily  distinguishable  from  one  another,  inasmuch 
as  the  lemniscus  medialis  continues  its  course  without  marked 
change  of  direction,  while  the  lemniscus  lateralis  turns  sharply 
dorsalward  and  enters,  at  least  in  large  part,  the  nucleus  col- 
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K.  Direct  syBteni.  (Peripheral  audit«iy 
Bensury  ncuronca,  or  audjtury  neurunee 
of  the  I  order. ) 


CtUicalas  m6rhr 


irapaeidii  <^^  mfapUnmt 

Mir/ras  ntni  .-iichltat  tJilroTn 


t.  Indirect  systenu,     I  Anditory  neu- 
Mines  of  II  order  and  of  Ui(i;her 


'LrnmiMUt  laltrelit 
Sudtus  olhwit 

.Vtir/fia  cvrfwra  Irapftei^fi 


Pio.  554.— Sch^meN  illnstratinft  termination  of  axones  of  N,  cochleiE  in  the  ceu- 
tral  nervous  aysUrm.  together  with  gome  of  the  central  auditory  neurones. 
(After  H.  Held,  Arch.  f.  AuaL  u.  Phyuol.,  Anat.  Abth.,  Leipz,,  ise3,  B.  240, 
Fig.  IS.) 
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liculi  inferioris.  The  brachinm  conjunctivum  at  the  same 
level  begins  to  turn  ventralward,  and  a  little  higher  up  enters 
into  the  decussatio  brachii  conjunctivi. 

The  relations  of  the  lemniscus  lateralis  to  the  nucleus  col- 
liculi  inferioris  are  very  characteristic,  and  lend  an  especial 
stamp  to  this  portion  of  the  brain,  so  that  Weigert  preparations 
of  transverse  sections  through  the  inferior  colliculus  are  recog- 
nizable at  first  glance,  when  one  is  once  familiar  with  the  ap- 
pearances. The  nucleus  of  the  inferior  colliculus  sits  like  a 
berry  on  a  stem,  the  latter  being  formed  by  the  diverging  fibres 
of  the  lateral  lemniscus.  A  portion  of  the  fibres  pass  over  the 
dorsal  surface  of  the  nucleus  coUiculi  inferioris  to  decussate  in 
the  velum  medullare  anterius  with  similar  fibres  from  the  oppo- 
site side  (so-called  Hirnklappenschleife  of  Meynert).  Von  Kol- 
liker  believes  that  many  of  the  fibres  enter  the  frenulum  veli 
medullaris  anterioris. 

Still  another  portion  of  the  lateral  lemniscus  passes  by  the 
colliculus  inferior  to  enter  the  colliculus  superior,  there  to  ter- 
minate in  the  middle  portion  of  the  stratum  griseum  colliculi 
superioris.  This  bundle,  being  one  of  the  earliest  to  become 
medullated  in  the  colliculus  superior,  is  extremely  easy  to  follow. 
Doubtless  these  fibres  are  of  no  inconsiderable  significance  in 
connection  with  reflex  movements  of  the  eyes  depending  upon 
acoustic  stimuli,  inasmuch  as  we  have  seen  that  the  superior 
colliculus  of  the  corpora  quadrigemina  represents  the  most 
important  subcortical  central  organ  for  the  control  of  the  eye- 
muscle  movements  (Figs.  555-558). 

And,  finally,  a  portion  of  the  fibres  of  the  lateral  lemniscus 
probably  pass  forward  through  the  brachium  quadrigeminum 
inferius  to  terminate  in  the  corpus  geniculatum  mediale  or  its 
immediate  neighborhood. 

Held  describes  fibres  of  the  lateral  lemniscus  which  pass  on 
directly  through  the  tegmentum,  the  hjrpothalamic  region,  and 
the  internal  capsule  to  the  cerebral  cortex  (Held's  directe  acus- 
txsche  Rindenbahn).  That  such  fibres  may  exist  is  not  impos- 
sible, though  that  there  are  many  such  seems  unlikely,  since,  as 
von  Kolliker  points  out,  the  experiments  of  von  Monakow  prove 
that  after  removal  of  the  temporal  lobe  in  the  rabbit  and  in  the 
cat  no  alterations  result  in  the  lemniscus  lateralis  even  after 
the  lapse  of  a  long  time. 

The  nucleus  colliculi  inferioris  has,  unfortunately,  not  yet 


GROUPINU  AND  CHAINIKG  TOOETHEK  OP  NEURONES.     869 


■s  with  diwcunliiig  nxoncs.  thi-  neriltaTyuiis  and  di-mirites 
of  which  HreaJtiiutt'il  in  nui'lei  u(  rhi'  I'cntral  aroustirpHlhs.  B.  Optir-avoustic 
rrflci  paths.  (AfUr  H.  Htld,  Arch.  f.Anat.uDd  Pbysiul.,  Aunt.  Abtb.,  1898, 
S.  241,  Pig.  16.} 
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been  sufficiently  studied  to  permit  of  more  than  fragmentary 
statements  regarding  the  neurones  situated  in  it,  and  the  dis- 


Fio.  lUfl. — Semi-HrlK'iiutir  drawing  illuntrating  the  ivlatinnii  of  the  lemiijsrti!! 
liiii-ralis  to  the  rorponi  quadrigpinina.  'Aft<T  H.  Htld,  Arch.  f.  Anat.  n. 
I'hyxiol..  Anat.  Abth..  Tfi|iz..  1893.  H.  iSS.  FiK-  10.) 


tribution  of  their  axones.     Tt  would  appear  that  there  are  con- 
tained in  it  both  inasones  (Golgi  cells  of  Type  I)  and  dendrax- 


BOUPINtJ  AND  CHAINING  TOGETHER  OP  NEURONES.     871 


ID.  5S7. — 8chpnie  of  the  I'onrw  nC  tlic  optir  anil  acoustic  icBci  paths  : 
fomiBtiu  ntiriilHris.  i  Afti'r  H.  Held.  An'h.  f  Anat.  u.  Physiol.,  Anat.  Abth., 
Leipi.,  1S93.  S.  249.  KJK-  II. '  .Vnri.  III.  nucleus  nervi  oculu-motorii ;  SuJ'.Ltit.. 
nnclcuH  fHMHriili  luiiRiiiidinBliii  medialls  stu  nucleus  cummleune  inelvriorie ; 
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ones  (Golgi  cells  of  Type  II).  The  long  axones  apparently  take 
two  directions ;  the  majority  of  them  ascend,  passing  mainly 
through  the  brachiura  quadrigeminnm  inferius  to  go,  along 
with  the  continuation  of  the  lateral  lemniscus,  to  the  corpuB 
geniculatum  mediale.  A  few  of  the  fibres  which  pass  into  the 
brachium  quudrigeminum  inferius  leave  it  again,  according  to 
von  Bechterew,"  to  decussate  in  the  roof  of  the  aqueductus 
cerebri,  and  probably  to  terminate  in  the  nucleus  of  the  oppo- 
site inferior  colliculus. 


1,  S58. — Corpus  trnprnricleum,  with  scljarFnt  maxNFaiifiirav  matter  on  the  rieht 
si.U-iifthebriiniiftliuraM.it:  nicthiKl  iif  (iulsi.  Combined  pirtun-.  (Aftt-r 
H.  llt'ld,  Arch.  f.  Aiwt.  ii.  fhyxitil..  Anat.  Ahth.,  I^-ipz..  1803.  Tiif  liii.  Fir 
8. }    a.  opU  ill  nurli-u*  cilivuris  sii^-rior  ;  b,  cell  in  imclciis  olivgriii  nupprior 


- .^i-rmr  ;  o,  cell  in  imclciis  olivgriii  nuperioi 

mi-diitliii.  itHaxiinc  RuinK  thniURh  the  iX'dunrlc  of  the  upper  olivt 
til  the  nucleus  N.  ab<luci'nti« :  e,  niiines  iif  fiirpUH  tniiieEiiiilouiD  terniinatinjt 
in  nurleiu  corporis  tntpciuiilci :  '.  f.  aionut  running  lu  k-nninale  in  luperiur 

Held  found  that  another  portion  of  the  long  nxones  arising 
from  cell  bodies  in  the  nucleus  of  the  inferior  colliculus  descend, 
and  puss  by  way  of  the  lateral  leniniscns  to  the  various  nuclei  of 
the  auditory  path  situated  below  this  level.  That  there  must 
be  other  connections  of  the  inferior  colliculus  seems  very  likely, 

*  Yon  Bechterew.     Op.  til.,  S.  114. 
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and  the  impression  is  gradually  gaining  ground  that  this  quad- 
rigeminal  body  is  of  the  highest  significance  for  the  setting  free 
of  reflexes  in  connection  with  auditory  stimuli.  It  appears  to 
stand  in  the  same  relation  to  the  auditory  conduction  path  as 
does  the  superior  colliculus  to  the  visual  conduction  path. 

It  will  be  of  the  greatest  importance  in  the  future  to  deter- 
mine exactly  the  relation  of  the  inferior  colliculus  to  the  most 
direct  acoustic  path  which  extends  from  the  ear  to  the  cortex. 
Do  the  auditory  fibres  carrying  impulses  concerned  in  sharp, 
clean-cut  visual  sensation  undergo  interruption  in  the  inferior 
colliculus  ?  It  would  seem  to  me  probable,  in  analogy  with  the 
general  sensory  conduction  path  and  with  the  conduction  path 
for  visual  impulses,  that  the  colliculus  inferior  is  not  a  way 
station  in  the  shortest  auditory  conduction  path  to  the  cortex. 
It  would  seem  much  more  likely  that,  for  the  auditory  conduc- 
tion path,  the  corpus  geniculatum  mediale  supplies  the  inter- 
ruption, thus  corresponding  to  the  ventro-lateral  group  of  nuclei 
of  the  thalamus  for  the  general  sensory  conduction  path,  and 
to  the  corpus  geniculatum  laterale  for  the  visual  conduction 
path. 

The  best  description  of  the  brachium  quadrigeminum  in- 
ferius,  since  the  articles  of  Meynert  and  Forel,  is  that  of  von 
Monakow.*  The  origin  and  termination  were  not  at  all  clear 
to  the  older  writers.  Even  Forel  was  satisfied  with  saying  that 
it  went,  along  with  the  lemniscus,  into  the  region  of  the  teg- 
mentum, while  Meynert  put  forward  the  hypothesis  that  from 
the  tegmental  region  there  pass  projection  fibres  to  the  cerebral 
cortex.  Von  Monakow  finds  only  the  indirect  form  of  atrophy  in 
the  brachium  quadrigeminum  inferius  after  experimental  lesion 
of  the  cerebral  hemisphere  in  the  dog  and  after  defect  in  the 
region  of  the  operculum  and  of  the  temporal  lobe  in  man  (his 
cases  "  Widmer  "  and  "  Seeger  ").  He  believes,  therefore,  that 
the  fibres  of  the  arm  of  the  inferior  colliculus  do  not  extend 
directly  to  the  cerebral  cortex,  but  are  interrupted  in  the  dien- 
cephalon  (Fig.  559).  In  all  probability  this  interruption  occurs 
in  the  corpus  geniculatum  mediale. 


♦  von  Monakow,  C.  Experimentelle  und  pathologisch-anatomische  Un- 
tersuchungen  fiber  die  Haii  ben  region,  den  Sehhiigel  und  die  Regio  subtha- 
lamica  nebst  Beitrligen  ziir  Kenntniss  frtih  erworbener  Gross-  und  Klein- 
himdefecte.    Arch.  f.  Psychiat.,  Berl.,  Bd.  xxvii  (1895),  S.  454. 
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The  topographical  relations  of  the  corpus  genicnlatum  me- 
diale  and  its  general  histological  characteristics  have  already  been 
described  {vide  supra).  When  the  lateral  lemniscus  has  been 
cut,  degenerated  fibres  can  be  traced  all  the  way  to  the  medial 
geniculate  body,  but  the  cells  of  the  medial  geniculate  body  do 
not  atrophy  or  disappear.  On  removal  of  the  temporal  lobe  of 
the  cerebral  cortex,  however,  or  on  section  of  the  white  fibres 
passing  from  the  region  of  the  medial  geniculate  body  to  the 
internal  capsule,  the  corpus  geniculatum  mediale  degenerates  in 
toto  (von  Monakow).*  Nissl  subdivides  the  corpus  geniculatum 
mediale  in  the  rabbit  into  an  anterior  nucleus,  a  posterior 
nucleus  containing  large  cells,  a  ventral  nucleus  closely  crowded 
with  cells,  a  dorsal  nucleus,  a  medial  nucleus,  and  a  posterior 
nucleus.  Unfortunately,  thus  far  these  nuclei  have  not  been 
thoroughly  studied  by  Golgi's  method.  It  seems  almost  cer- 
tain, however,  from  the  researches  of  von  Monakow,  that  a  large 
portion,  at  any  rate,  of  the  axones  arising  in  the  medial  genicu- 
late body  run  through  the  retro-lentif  orm  portion  of  the  internal 
capsule  to  terminate  in  the  cortex  of  the  gyrus  temporalis  supe- 
rior, to  end,  he  believes,  by  free  terminal  ramifications  in  the 
deep  layer  of  the  cortex.  Von  Monakow  holds  that  Golgi  cells 
of  Type  II  (dendraxones)  are  interposed  in  the  medial  geniculate 
body  between  the  terminals  of  the  auditory  conduction  fibres 
coming  from  below  and  the  neurones  which  send  their  axones 
out  to  the  cerebral  cortex.  The  bundle  of  white  fibres  issuing 
from  the  medial  geniculate  body  (Stiel  des  medialen  Knie- 
hbckers  of  the  Germans)  to  enter  the  internal  capsule  occupies 
in  the  retro-lentiform  portion  of  the  capsule  the  region  just 
anterior  to  and  a  little  lateral  from  the  fibres  of  the  occipito- 
thalamic  radiation.  It  and  the  brachium  quadrigeminum  infe- 
rius  are  easily  demonstrable  in  sagittal  sections  of  the  develop- 
ing brain,  now  being  studied  by  Miss  Gertrude  Stein  (Fig.  560). 

The  path  followed  by  the  auditory  conduction  fibres  is  beau- 
tifully demonstrable  in  the  cerebral  hemisphere  by  the  method 
of  Flechsig  in  the  brain  of  the  babe  shortly  after  birth,  although 
the  following  of  the  conduction  path  out  to  the  auditory  sense 
area  in  the  cortex  is  rendered  somewhat  difficult  by  the  fact 
that  the  fibres  of  this  path  do  not  run  in  one  plane  in  the 
corona  radiata,  but  make  many  curves  owing  to  their  relation 


*  von  Monakow.     Op,  cit. 
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to  the  foBaa  Sylvii.     The  axones  of  the  cells  of  the  medial 
geniculate  body  become  medullated  later  than  those  from  the 


n  slionly  nfUT  MMh  (Wfti.m  781.      A.J.. 
;   F.Pg,,   fawicuU   cerebToepiiimUii 


ipyiBmiditlonl ;  /..it..  IrmniHi-iiH  nuilUlU  temiinatiiiK  in  ventral  p<i 
ItuUiniiw^rA..  tliBlRmuii:   r.u„  tiarhm  nirticiLH;    ;.  siilwuiiitui  ii' 
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k'niifonnis ;  ft.  w.rpUH  KCTiii-tirnlnm  ludllali!  aiiil  hvnrath  it  (he  fibres  of  the 

biarhiuui  quail rigviiiiiiuni  infrriuii. 

lateral  geniculate  body,  but  earlier,  according  to  Flechsig,  than 
any  of  the  other  fibres  of  the  region  in  which  they  are  situated. 
Flechsig*  has  been  able  to  follow  the  path  aatiBfactorily  by 
means  of  horizontal  and  sagittal  aerial  sections.  He  says :  "  The 
fibre  bundles  of  the  brachium  quadrigeminnm  infertus,  in  which 
are  represented  without  doubt  the  continuations  of  the  cochlear 
nerves,  partly  become  lost  in  the  medial  geniculate  body  where 
the  fibres  break  up,  partly  go  past  this,  but  close  by  it.  With 
the  latter  are  associated  the  fibres  which  arise  in  the  medial 
geniculate  body,  and  the  two  sets  of  fibres  go  together  behind 
and  beneath  the  thalamus  to  the  internal  capsule,  pass  trans- 
versely through  the  same,  and  then  go  in  two  separate  bundles 
to  the  transverse  gyri  of  the  temporal  lobe.  The  one  bundle 
ascends  near  the  external  capsule  and  arrives  from  behind  and 
above  into  the  auditory  sense  area.  The  second  runs  for  some 
distance  along  with  the  occipito-thalamic  radiations  and  ascends, 

•  Flechsig,  P.     Gehirn  und  Seelc,  ii.  Ausgabe,  Leipzig  (1806),  Anm,  28, 
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Fig.  5tfcJ. — Frontal  se<*tion  thnmgh  the  cerebral  heniisphen*s  of  a  child  four 
months  and  a  half  old.  Weigrrt  prc|Hir.ition  by  W.  Rcimers.  i  After  W.  von 
Beehterew,  Di**  I^ieitungslmbnen  im  (lehirn  und  Kiickeumark.  Deutsch  von 
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passing  arouod  the  foBsa  Sjlvii  from  behind 
and  below  into  the  temporal  lobe  itself, 
close  by  the  second  and  third  temporal  gyri, 
to  reach  the  transverse  temporal  gyri "  (Figs. 
561  and  563). 

The  esact  extent  of  the  region  in  the 
cerebral  cortex  in  which  the  auditory  fibres 
terminate  is  not  precisely  settled,  but,  accord- 
ing to  Flecbsig,  corresponds  to  the  two 
transverse  gyri  of  the  temporal  lobe  (particu- 
larly the  anterior),  and  that  portion  of  the 
gyrus  temporalis  superior  immediately  ad- 
jacent, namely,  the  third  and  fourth  fifth 
reckoned  from  its  anterior  extremity. 

The  cortex  of  the  auditory  sense  area  bas 
a  special  structure  in  that  the  number  of 
layers  ia  here  larger  than  in  any  other  part 
of  the  cortex  except  in  the  visual  sense  area 
(Flechsig).*  Six  layers  are  to  be  made  ont, 
among  them  some  so  rich  in  medullated  hori- 
zuQtat  fibres  tliat,  at  least  in  many  brains, 
the  auditory  sense  area  can  be  said  to  pos- 
sess a  Vicq  d'Azyr  stripe  similar  to  that  of 
the  visual  sense  area.  Certain  peculiar  cell 
forms  with  oylindrically  shaped  bodies  and 
numerous  large  pyramidal  cells  have  been 
described.  Giant  pyramidal  cells  seem  to  be 
absent.  I  know  of  no  illustration  exactly 
corresponding  to  the  auditory  sense  area, 
but  the  accompanying  picture,  taken  from 
Hammarberg,  shows  the  structure  of  the  cor- 
tex in  the  gyrus  temporalis  superior,  very 
close  to  the  auditory  sense  area  (Fig.  563). 
In  this  region,  according  to  Flechsig,  bo- 
gins  the  temporal  cerebro-corticopontal  path 
(cf.  Chapter  LXIV).  In  addition  to  the 
centripetal  and  centrifugal  projection  neu- 
rones associated  with  the  auditory  sense  area 
there  are  present  in  it  a  number  of  t 


•  Flechsig,  P.    Gebirn  und  Seele,  Leipzig  (1696). 
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tion  neurones,  some  with  short  axones,  going  to  regions  of  the 
cortex  immediately  adjacent,  others  with  long  axones  connect- 


5.C3- 


Fig.  565. — Scheme  of  neurones  superimposed  to  form  the  auditory  condaction 
path.     Lettering  the  same  as  in  Plate  II,  Fig.  1,  at  end  of  volume. 

ing  the  acoustic  sense  area  with  more  distant  regions  of  the  same 
hemisphere  and  (through  the  corpus  callosum)  with  the  oppo- 
site hemisphere.     Of  these  long  association  fibres,  one  handle. 
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the  so-called  faaciculns  longitudinalis  inferior,  is  stated  to  con- 
nect the  auditory  sense  area  vith  the  occipital  lobe  of  the  same 
side,  while  a  portion  of  the  fasciculus  arcuatus  (fasciculus  longi- 
tndinalis  superior)  conQects  it  with  the  island  and  with  the 
gyrus  frontalis  inferior.  In  these  bundles  of  aasoeiution  fibres 
are  axones  running  in  both  directions.  In  the  auditory  sense 
area  in  all  probability  terminate  the  asones  from  numerous 
association  neurones,  the  cell  bodies  of  which  are  situated  in 
various  portions  of  the  cerebral  cortex,  but  a  vast  deal  of  re- 
search will  be  required  before  very  definite  statements  concern- 
ing these  can  be  made. 


The  auditory  sense  area  on  the  left  side  has  l>een  proved  to 
be  of  especial  importance  in  connection  with  the  functions  of 
speech.  It  is,  in  fact,  identical  with  the  "centre  for  the 
sounds  of  words  "  which  are  so  necessary  for  the  development 
of  the'  so-called  "  internal  speech,"  Lesion  of  this  region  on 
the  left  side  leads  to  "  word  deafness."  This  centre  is  related 
to  the  other  speech  centres  by  means  of  association  fibres. 
Present  ideas  concerning  these  relations  are  schematically  repre- 
sented in  the  diagram  taken  from  von  Monakow  (Pig.  564). 
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A  lesion  of  the  auditory  sense  area,  on  one  side  only,  does  not 
destroy  hearing  in  the  opposite  ear,  but  probably  interferes  to 
a  certain  extent  with  the  hearing  of  both  sides.  Bilateral  lesion, 
involving  the  auditory  sense  area  on  the  two  sides,  causes  total 
deafness.  It  is  not  surprising  that  unilateral  lesion  does  not 
cause  complete  deafness,  since,  as  we  have  seen,  there  are  mani- 
fold decussations  of  the  auditory  fibres  in  the  lower  portions  of 
the  central  nervous  system.  Thus  there  is  partial  decussation 
in  the  corpus  trapezoideum,  and  again  in  the  mesencephalon, 
especially  between  the  two  inferior  colliculi  of  the  corpora 
quadrigemina.  A  further  commissure  in  the  auditory  path  to 
which  little  attention  has  been  paid  is  to  be  found  in  the  com- 
missura  inferior  Guddeni.  All  the  evidence  goes  to  show  that 
this  commissure  connects  the  medial  geniculate  bodies  of  the  two 
sides,  and,  as  we  have  seen,  the  medial  geniculate  body  on  each 
side  represents  a  most  important  way  station  in  the  conduction 
path  from  the  internal  ear  to  the  cerebral  cortex.  I  should  not 
be  surprised,  therefore,  if  the  commissura  inferior  Guddeni  were 
of  the  highest  significance  as  an  auditory  commissure. 

In  the  diagrams,  Figs.  565  and  566,  the  principal  groups 
of  neurones  in  the  auditory  conduction  path  are  schematically 
represented. 
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SUBSECTION  m. 

Neurones  Connecting  the  Central  Nervous  System 
with  the  Voluntary  Muscles  of  the  Body.  (Lower 
Motor  Neurones,  or  Peripheral  Centrifiigal  Neu- 
rones.) 


CHAPTER  LV. 

THE   LOWER   MOTOR   NEURONES. 

General  description — Those  pertaining  to  the  spinal  cord — Perikaryons  of 
the  ventral  horn — The  "  middle  cells  " — The  ventral  roots  of  the  spinal 
nerves — Motor  nerve-endings  in  muscle — Physiological  studies — Locali- 
zation of  motor  function  in  the  segments  of  the  spinal  cord — Starr's 
table — Researches  of  Sano,  Bemheimer,  and  Schwabe— Columna  me- 
dialis — Columna  intermedio-lateralis — Columna  eztremitatis  superioris 
— Columna  extremitatis  inferioris. 

The  neurones  next  to  be  considered  are  those  which  bring  the 
voluntary  muscles  of  the  body  under  the  influence  of  the  nerve 
centres.  Between  the  nerve  centres  and  the  voluntary  muscles 
one  set  of  neurones — the  lower  motor  neurones — exist,  just  as  we 
have  seen  that  for  the  connection  between  peripheral  sensory  sur- 
faces and  the  nerve  centres  one  set  of  neurones  suflSce. 

The  cell  bodies  and  dendrites  of  the  lower  motor  neurones 
are  all  situated  within  the  central  nervous  system,  so  that  the  dis- 
tance between  the  central  nervous  system  and  the  voluntary  mus- 
cles is  traversed  by  the  medullated  axones  of  these  neurones. 
These  axones  make  their  exit  from  the  nerve  centres  always  (with 
the  exception  of  those  of  the  nervus  trochlearis,  vide  infra) 
from  the  ventral  or  lateral  surface  of  the  cerebro-spinal  axis.  The 
bundles  of  medullated  axones  make  up  the  ventral  roots  of  the 
spinal  nerves  and  the  motor  portions  of  the  cerebral  nerves. 

The  lower  motor  neurones  are  situated  in  the  parts  of  the 
cerebro-spinal  axis  below  the  diencephalon — that  is,  in  the  mesen- 
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cephalon,  rhombencephalon,  and  medulla  spinalis.  The  cell 
bodies  and  dendrites  of  these  neurones  occupy  a  very  definite 
position  in  the  cerebro-spinal  axis,  being  situated  always  ventral 
to  the  central  canal,  occupying  in  the  medulla  spinalis  certain 
portions  of  the  ventral  and  lateral  horns  of  the  gray  matter,  and 
in  the  rhombencephalon  and  mesencephalon  regions  which  cor- 
respond to  those  mentioned  for  the  cord. 

It  will  be  convenient  to  describe  first  the  lower  motor  neu- 
rones incident  to  the  medulla  spinalis  and  afterward  those  be- 
longing to  the  rhombencephalon  and  mesencephalon. 

(A)  Those  Pertaining  to  the  Spinal  Cord. 

In  the  spinal  cord  the  cell  bodies,  it  has  generally  been 
taught,  are  arranged  in  the  ventral  and  lateral  columns  of  gray 
matter  more  or  less  segm  en  tally  * — that  is  to  say,  longitudinal  sec- 
tions through  the  cord  show  that  the  cells  are  not  evenly  distrib- 
uted, but  arranged  more  or  less  definitely  into  groups  (Schieifer- 
decker,f  Schwalbe,  J  and  others).  The  literature  of  the  subject 
has  been  collected  and  analyzed  by  Liideritz.  ^  The  total  num- 
ber of  motor  cells  varies  much  in  different  portions  of  the  cord. 
They  are  most  numerous  in  the  cervical  and  lumbar  enlarge- 
ments, corresponding  to  the  innervation  of  the  muscles  of  the 
extremities,  least  numerous  in  the  thoracic  cord  whence  the  com- 
paratively small  bulk  of  trunk  muscles  receives  its  nerve  supply. 
In  addition  to  the  longitudinal  grouping,  in  cross  section  also  the 
cells  show  an  arrangement  in  definite  groups,  as  Gerlach  first 
pointed  out  (vide  infra).  Waldeyer,||  in  his  elaborate  study  of 
the  spinal  cord  of  the  gorilla,  divided  the  ventral  horn  cells  into 
a  medial  ventral  and  a  lateral  dorsal  group,  a  classification  agreed 
to  by  Kaiser  ^  in  his  very  thorough  study  of  the  cervical  cord. 

*  It  is  to  be  noted  that  one  true  embrvological  neuromere  probably  cor- 
responds to  several  of  the  segments  or  segmental  groups  of  nerve  cells  which 
the  histologists  have  described. 

f  Schiefferdecker.  P.  BeitrSge  zur  Kenntniss  des  Faserverlaufs  in  RQck- 
enmark.     Arch.  f.  mikr.  Anat.,  Bonn,  Ed.  x  (1874),  S.  471-494. 

X  Schwalbe,  G.    Lehrbuch  der  Neurologic,  8vo,  Erlangen  (1881),  S.  384. 

*  Lftderitz,  C.  Ueber  das  RQckenmarksegment.  Arch.  f.  Anat.  u. 
Physiol..  Anat.  Abth.,  Lcipz.  (1881). 

I  Waldeyer.  W.  Das  Gorilla-RQckenmark.  Abhandl.  d.  kgl.  Akad.  d. 
Wissensch.  zu  Berlin,  aus  dem  Jahre  1888,  Bed.  (1889).  S.  91. 

^  Kaiser,  O.  Die  Funktionen  der  Ganglienzellen  des  Halsmarkes.  Ge- 
krOnte  Preisschrift,  Ilaag,  Mart.  Nijhoff  (1891),  p.  71. 
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The  arrangement  of  the  motor  cell  groups  in  human  beings 
has  been  carefully  studied  by  von  Lenhossek  in  the  cord  of  a 
healthy  young  man.  *  Inasmuch  as  the  application  of  Golgi's 
method  has  convinced  von  Lenhossek  that  the  cells  situated  most 
medially  and  ventrally  in  the  ventral  horns  send  all  their 
axones  not  into  the  ventral  roots  of  the  spinal  nerves,  but 
through  the  ventral  commissure  to  the  other  side  of  the  cord, 
this  investigator  excludes  these  from  the  motor  cell  groups,  desig- 
nating them  the  commissural  group  (Fig.  567).  f  In  the  ventral 
horn,  as  far  as  the  third  cervical  nerve,  von  Lenhossek  makes 
out  only  a  single  small  longitudinal,  rather  narrow  group  of 
ventral  horn  cells,  separated  from  the  group  of  commissural  cells 
by  a  narrow  space  free  from  nerve  cells.  From  the  fourth  cer- 
vical nerve  to  the  beginning  of  the  cervical  enlargement  this  in- 
terspace becomes  much  broader,  and,  in  addition,  the  motor-cell 
group  becomes  divided  into  two  well-separated  cell  nests — a 
ventral  group  more  medially  placed,  and  a  dorsal  group  more 
laterally  placed.  The  interspace  between  these  groups  is  charac- 
terized not  only  by  the  absence  of  motor  cells,  but  also  by  the 
presence  of  large  numbers  of  fine  nerve  fibres  which  run  in  be- 
tween the  groups. 

In  the  region  of  the  cervical  enlargement  (from  the  level  of 
the  fourth  to  that  of  the  seventh  cervical  nerve)  von  Lenhossek 
finds  a  progressive  though  gradual  increase  in  the  number  of  nerve 
cells  in  both  motor  groups,  so  that  the  motor  area  here  is  rela- 
tively large.  The  increase  takes  place,  however,  mainly  in  the 
dorso-lateral  group,  which  now  exceeds  very  markedly  in  size  the 
ventro-medial  group.  In  places  the  dorso-lateral  group  shows  a 
division  into  two  compartments.  At  this  level  the  medial  group 
is  separated  from  the  group  of  commissural  cells  by  a  broad  field, 
which  corresponds  to  a  distinct  indentation  in  the  ventral  mar- 
gin of  the  ventral  horn.     A  similar  indentation  of  this  margin 


♦  von  Lenhossek.     Op.  cit.,  S.  321. 

f  This  is  the  group  of  cells  which  in  the  bibliography  is  frequently  re- 
ferred to  as  the  "  medial  anterior  group  of  anterior  horn  cells."  They  have 
been  so  described  by  Kaiser  as  an  uninterrupted  column  running  almost  the 
whole  length  of  the  cord,  supplying,  he  believed,  the  long  muscles  of  the 
back.  According  to  von  Lenhossek,  their  axones  are  in  part  short,  termi- 
nating in  the  gray  matter  of  the  opposite  ventral  horn,  in  part  longer,  run- 
ning out  into  the  white  matter  of  the  opposite  side  of  the  cord — hete- 
romeric  neurones  in  the  sense  of  van  Gehuchten. 
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exists  between  the  dorso-Iateral  and  veutro-medial  group  of 
motor  cells.  The  size  of  the  ventral  horns  rapidly  diminishes 
between  the  level  of  the  eighth  cervical  and  that  of  the  first  tho- 
racic nerre,  and  the  relations  in  the  lower  part  of  this  region  cor- 


Fro.  sue.— Silicmeof  ihertrnclureof  lh(!  nplnal  cord;  nerve  wlla  ihnwn  in  tta« 
urtliHlfof  thi-wnl:  colUteralaHliuwD  in  the  riitht  lialf  uf  the  runt.  lAflvr 
M.  vein  LcnhiwH^k.  Oer  ftinere  Bnu  ilcB  Nineimysttms,  etc..  8.  Aufl..  Berl., 
ISM.  Tiir.  vi.  I  Lpn  half  uf  the  cuni,  hiach  rellti  are  miitori  Bide  flhrils  are 
Been  arising  frcim  their  ttioncw;  rwl  celUan'  tftutoinfric  neurones,  tht'tiunea 
KuinK  tu  the  vrntral  and  latfral  (Hiiiicull.  AiniiiiR  these  an.'  the  relU  in  the 
nucleus  ilnrealia  auii  sunie  ccIIh  in  tlie  snlMbintia  Relntiuom  of  BiilaDdo; 
cdlatenU  arc  cuniinit  off  from  tlie  aiuiim.  Viulet  eellaaru  r<iininiBiiuntl  i-ell!! 
or  heteninieTic  neunincB :  one  is  wen  wndinB  its  aionu  into  the  Bray  m\t- 
stance  «t  the  other  hMi'  :  the  olheni  Html  tlieir  aioiiea  into  the  white  matter 
of  the  oppodite  utile.  The  envn  ccllsnenil  their  aiones  to  the  durnal  hinirull. 
In  hill*  IK  Been  reprewnted  a  Uoljci  eell  of  Type  II,  or  ilendnione.  In  the 
ri(tht  half  of  the  rord  the  hlac k  eells  reprem'nt  the  cell  h-nlies  of  perinheral 
Eensory  neuToneH  situatMl  in  tlie  loinRlion  itpiiiule:  Iheir  ceutnl  proloniK- 
tiuns  are  shnvn  enlerinft  the  Hpiaal  c»ra  as  domal-niot  Kbrm.  which  bifunstu 
and  send  voUntenilfl  to  temiinat<'  in  varinuit  pnrtii  uf  the  auhKlaiitia  llriKS. 
ThUH  the  reflex  eolUteials  are  wen  Rfinit  to  the  ventral  hum:  other  rul- 
lateralK  ent4-r  the  nncli'UB  dnrtalifl;  »>nie  nam  Ihnjugh  the  doreiil  commiaBun- 
to  the  diinail  horn  uf  the  opposilc  side.  The  rtsl  eollateralB  come  from  the 
white  niinii  in  the  ventral  and  lateral  fuuUiili :  the  lilac  collaterals  beloDft 
to  the  axriDCM  of  heterumerjr  neuroneH;  the  hroivn  rallat^'rals  and  terminals 
reprewnt  flbres  from  the  faiicleuli  eerphn*pina1ea  or  pyramidal  tract.  /, 
foni'ieuluH  I'f'rebrospinaliB  ventruliB:  i,  tiM-iculuH  ventnfiH  pruprinB:4,  laach-- 
uluH  vcnlmbtteralui  Gowemi ;  4,  fasciruluii  ccrebelliwpioalbi ;  .f.  Guciculos 
cerehnwiiinalis  lateralis :  <i.  faHciciilus  lateralis  prupriuH:  7,  funienlaa  donalis ; 
£.  c,  radii  ventraliit:  E.d.,  radix  donalis;  O.*.,  ganKlion  spinale, 
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respond  to  those  described  by  von  Lenhossek  in  the  upper  part  of 
the  cervical  region — that  is,  the  motor  cells  are  represented  by  a 
small  single  longitudinal  mass,  separated  from  the  commissural 
cells  by  a  narrow  stripe  free  from  nerve  cells.  In  the  upper  two 
thirds  of  the  thoracic  cord  the  group  of  motor  cells  is  no  longer 
separated  from  that  of  the  commissural  cells ;  both  sets  of  cells 
are  reduced  in  numbers,  and  the  two  together  make  up  the  nar- 
row longitudinal  column  of  nerve  cells  in  the  small  thoracic  ven- 
tral horn,  the  medial  cells  being  commissural,  the  more  lateral 
ones  motor  root  cells. 

From  the  level  of  the  ninth  thoracic  nerve  on,  von  Lenhossek 
describes  again  a  progressive  change  in  the  appearances.  The 
motor  cells  become  gradually  separated  from  the  commissural 
cells,  so  that  beginning  from  the  level  of  the  first  lumbar  nerve 
there  is  seen  a  very  broad  interspace  between  the  two  groups  of 
cells,  broader  indeed  than  in  any  other  region  of  the  spinal  cord. 
The  motor  cells  increase  here  enormously  in  numbers,  until  the 
level  of  the  first  sacral  segment  has  been  reached,  where  the 
motor  cells  are  so  numerous  as  to  cause  the  ventral  horn  to  pro- 
ject as  a  broad,  plump  hemisphere.  Very  soon  within  the  motor 
group  two  subdivisions,  as  in  the  cervical  cord,  can  be  made  out 
— a  ventro-medial  and  a  dorso-lateral  group.  In  addition,  from 
the  level  of  the  fourth  lumbar  segment  on,  a  third,  or  central 
cell  group,  corresponding  about  to  the  middle  point  of  the  ventral 
born,  is  distinguishable.  This  group  is  most  distinct  at  the  level 
of  the  first  and  second  sacral  segments.  Lower  down  the  charac- 
teristic grouping  gradually  vanishes,  the  first  to  disappear  being 
the  central  group.  Soon  a  division  into  dorso-lateral  and  ventro- 
medial ceases  to  be  visible,  and  again  the  motor  cells  become 
united  into  a  single  cell  column  which  gradually  diminishes  in 
extent.  The  reduction,  however,  does  not  express  itself,  von 
Lenhossek  states,  as  in  the  thoracic  cord,  by  thinning  and  sharp- 
ening of  the  whole  ventral  horn,  but  the  ventral  horn  remains 
plump  as  far  as  its  lower  extremity,  the  cells  gradually  becoming 
less  numerous.* 

*  Golg^  has  always  combated  the  view  of  a  definite  localization  of  the 

motor  cells  in  groups  in  the  gray  matter.    I  quote  from  his  Sulle  fina  ana- 

toroia  degli  organi  centrali  del  systeraa  nervoso,  Editore  U.  Hoepli.  Milano, 

1885,  p.  213 :  "  As  regards  the  distribution  of  the  motor  cells  in  the  gray 

substance  of  the  spinal  cord.  I  must  here  remark  that  it  is  a  mistake  to  try 

to  establish  the  seat  of  these  as  the  chief  characteristic  for  a  judgment  re- 
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Argutinsky  *  has  recently  taken  up  the  subject  in  Waldeyer's 
laboratory.  lie  concludes  that  in  the  columns  of  motor  cells  and 
in  the  nucleus  dorsalis  there  is  no  distinct  memberment  of  any 
sort.  For  the  "  middle  cells"  (Mittehellensduleii)  and  the  cells 
of  the  lateral  horns  he  finds  an  extraordinarily  sharp  separation 
into  groups  (Fig.  568),  but  emphasizes  the  fact  that  thus  far  no 
one  has  proved  the  existence  of  a  true  segmental  arrangement  of 
the  cells  in  any  of  the  gray  columns  of  the  cord. 

The  cell  bodies  of  the  largest  motor  cells  form  the  most  prom- 
inent elements  in  the  spinal  cord.  There  are  among  the  motor 
cells,  however,  smaller  forms  the  axones  of  which  undoubtedly 
enter  into  the  formation  of  the  ventral  roots  of  the  spinal  nerves. 
The  differences  in  calibre  of  the  ventral  root  fibres  have  long 
been  recognized.  The  coarser  fibres  are  medullated  earlier  than 
are  the  finer  (von  Bechterew).  According  to  Gaskell  and  Mott» 
the  coarse  fibres  are  destined  for  the  voluntjiry  muscles,  the  fine 
fibres  for  involuntary  muscles,  by  way  of  the  sympathetic  system. 
The  structure  of  the  axone  hillock  is  shown  in  Fig.  570. 

The  internal  structure  of  the  motor  ventral  horn  cells  has 
been  already  described  (Section  III).  It  will  be  recalled  that 
they  are  typical  multipolar  stichochrome  cells  in  the  sense  of 
Nissl  (Fig.  5G0).     The  dendrites  arising  from  all  parts  of  the 


garding  their  function.  Tho  cells  situated  in  the  ventral  columns  are,  it  is 
true,  predominantly  motor  in  nature,  because  the  greatest  number  of  these 
send  their  functional  process  into  the  ventral  roots.  However,  just  as  one 
can  not  sav,  without  reservation,  that  all  the  cells  of  the  ventral  columns 
enter  into  relation  with  the  corresponding  nerve  roots,  so  it  is  also  not  true 
that  it  is  not  exclusively  the  cells  which  belong  more  or  less  strictly  to  the 
ventral  horns  which  become  connected  with  the  ventral  roots. 

*•  I  am  certain  that  the  cells  which  send  their  axis-cylinder  processes  out 
into  the  (motor)  ventral  roots  can  be  met  with  in  every  part  of  the  gray  sub- 
stance:  (1)  in  the  ventral  honis  where  they  are  certainly  predominant;  (2> 
in  the  zone  of  gray  substance  which  I  have  named  the  '  intermediate  zone/ 
and  which,  lying  in  the  region  limited  by  the  lateral  columns  of  white  mat- 
ter and  the  central  canal,  forms  a  zone  intermediate  between  the  ventral 
columns  and  the  dorsal  columns  of  the  cord;  (8)  in  the  dorsal  horns  with 
the  exception  of  the  dorsal  Iwrder — that  is.  the  bonier  which  forms  the  so- 
called  gelatinous  substance  of  Rolando.  In  this  latter,  up  to  the  present 
time,  only  cells  have  been  found  the  axones  of  which  branch  in  an  extremely 
complicated  way." 

*  Argutinsky,  P.  Ueber  eine  regelmfissige  Gliederung  in  der  grauen  Sub- 
stanz  des  RlUkenmarks  beim  Neugeborenen  und  tlber  die  Mittelzellen. 
Arch.  f.  mikr.  Anat.,  Bonn,  Bd.  xlviii  (1897),  S.  496-523. 
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cell  spread  ont  into  various  regions  of  the  cord,  so  that  the  possi- 
bilities of  contact  relation  are  very  great.    Ram6n  y  Cajal  divides 
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the  dendrites  into  three  sets:  (1)  a  medial  group  which  passes 
toward  the  veutral  cominisBiire  in  some  animals  decussating  with 
those  of  the  opposite  side,  so  as  to  give  rise  to  a  definite  "  proto- 
plasmic commissure"  (Fig.  571) ;  (2)  a  dorsal  set  running  toward 
the  dorsal  horn ;  (3)  a  lateral  set  running  out  toward  and  into 
the  lateral  funiculus,  in  some  animals  reaching  the  surface  of 


ji'i-vp  cell  rrcim  vpiitral  hi 

(After  Xiwil.l    Of  the  three  liiwtr  priMtwui,  the  middfe  one  repiv- 
i^aiLiie,     Alltheulhi -...-■•  ~  ■         -^ - 


ur: 


'{  tmy  matter  of  niinal  cord  or 
riMtiHV,  the  middle  one  ri^iv- 
denilrili^     The  mHTgiiiH  of  the 


duetiim.  At  tlie  unKleof  the  division  of  the  lattti'den' 
■URle  of  the  eell  iit  nhowii  one  nf  the  "  wedfies  of  diviidim  "  (  rpmrrMiiiia>- 
tryrlK;  The  Rpilidle-!ih>ned  Niwl  hiKUi-x  tire  well  •howii.  especiallT  id  the 
dcndritm.  This  rell  in  rlnHwil  hy  NiwI  sm  h  atiehiichrome  nen-e  cell  In  thif 
afyknomonihuUH  ninditliin. 

the  cord  in  large  numbers   so  as  to  make  a  sub-pial  plexus  of 
dendrites.     The  large  axone  arising  at  the  axone  hillock  plunges 


»,.7 
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usiitUly  by  the  shortest  route,  sometimes,  however,  by  a  devious 
course,  into  the  nearest  ventral  root  of  a  spinal  nerve,  leaving 
the  spinal  cord  at  the  ventre -lateral  sulcus.    The  myelin  sheath 


FlO.  670.— Ventral  hnm  ctll  from  the  InmbHr  ronJ  of  the  oi,  aliowinft  a»ono 
hillot'k.  lAfhT  Hi'ld.  Arch.  f.  Aiuit.  u.  Physiul.,  Anat.  Ahth.,  18»T,  Taf.  ix, 
FiK.lO.  1  Treatment  with  Bniinonittin  bichromate,  1  to  1000.  Puraffiu  Bfotion 
1.5  microns  thick.  Staining  with  erythnmin  and  mpthylcne  blue.  The 
gtuuud  ButetAuce  U  mitrkedl]'  vacuulized.    The  neuroKoiueB  are  decolurized. 


Fio,  STl.— Transverae  section  of  the  niiinal  cord  of  I«eerta  Agilia.  'Aftef  8. 
Iiani6a  ;  C^l.  Lm  nouvellea  idfos,  etc..  AniiiiRy,  Paria.  18M,  p.  27.  ('ii;.  T. ) 
A.  cplla  of  venitBl  horns,  the  dendrites  of  wliich  help  to  malcc  up  a  VGiitral 
protuplannic  commissure  :  fi,  hrternmcric  nenroiica;  C.  tHutomcric  and  bccs- 
teromeric  neurones;  i).  dorsal  pnituplasmii-  i-onimiBsure ;  E,  dendrite*  of 
ventral  horn  cella  extending  fur  out  into  wliite  nwtler  und  forming  a  pert- 
medullary  plexus  (F)  situivted  bencalli  the  pin  nialer.  egpeeialiy  over  the 
funiculus  lateralia.  where  these  dendrites  vome  into  eontact  relation  with  the 
colUtfiBls  and  possibly  of  ijTiuinals  of  the  iiJtcniea  of  the  white  mutter ;  Q, 
radix  doraalis:  R,  coilatenil  from  donwl  rout  fibre;  ri.  axunea. 
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does  not  begin  until  the  axone  has  passed  for  a  short  distance 
from  the  cell.  From  the  no n-medu Hated  portion  of  the  aione 
there  arise  constantly  in  human  beings,  inconstantly  in  many 
animals,  from  one  to  four  delicate  branches,  the  "side  fibrils" 
of  Golgi.  These  are  always  non-meduliated  and  run  baek  toward 
the  cell  bodies  which  give  rise  to  the  corresponding  axones. 
tSeveral  have  thought  that  they  come  into  contact  with  the  cell 
body  just  as  do  the  side  fibrils  from  the  spinal  ganglion  cells, 
which  Huber  has  described,*  Others,  however,  believe  that  in 
running  back  they  come  in  contact  rather  with  the  terminals  of 
sensory  collaterala  of  the  dorsal  root  fibres.  This  view  has  already 
been  mentioned  in  the  disctission  regarding  the  possible  cellu- 
lipetal  conduction  by  the  side  fibrils  (Section  V). 

The  ventral  roots  of  the  spinal  nerves  contain  the  motor 
fibres  of  the  peripheral  nerves.  They  are,  in  actuality,  nothing 
more  than  the  medullated  axones  of  the  motor  cells  of  the  ven- 
tral horns.  A  number  of  fibres  from  each  ventral  root  pass  by 
means  of  the  rami  communicantes  into  tlie  sympathetic  trunk. f 
In  the  spinal  cord  on  each  side  there  are  thirty-one  of  these  ven- 
tral motor  roots^eight  cervical,  twelve  thoracic,  five  lumbar,  five 
sacral,  and  one  coccygeal  (Fig.  57^).  The  nerve  roots  do  not 
everywhere  correspond  to  the  vertebne.  The  exact  relations  of 
the  various  roots  to  the  spinous  processes  of  the  vertebne  are 
clear  in  the  table  prepared  by  Reid.^  It  would  be  a  mistake  to 
assume  that  each  ventral  root  corresponds  to  a  definite  peripheral 
nerve,  for  this  is  not  the  case.     It  has  been  proved  (vide  infra) 


•  Held  (1897)  has  supgeateJ  thai  these  rcturrcnt  "  autncellular  "  cotlat- 
erals  of  the  lower  motor  neurones  ninv  represcut  an  important  mechsDiam  in 
connection  with  the  KH^alleil  miujcle  sense. 

\  The  uiones  ot  ventral  horn  cells  which  pass  through  the  rami  com- 
municantes in  onler  to  terminate  )>)'  tree  etid-arborizalions  about  the  cells 
of  the  various  sympathetic  ganglia  are  believed  to  be  motor  and  secretory 
in  their  function.  The  secreting  glands  and  the  smooth  muscle  of  tbe 
blood-vessels,  and  of  Ihe  viscera  generally,  are  innervated  by  means  o( 
sympathetic  axones.  The  exact  relations  here  have  yet  to  be  determined. 
Certain  it  is  that  the  complicated  local  mechanisms  of  which  the  sympa- 
thetic system  is  the  seat  are.to  some  extent  at  leart, brought  under  the  influ- 
ence of  the  neurones  of  the  cerebrospinal  system.  Tlie  motor  nerve-endings 
in  smooth  mu9<k'  hare  been  carefully  studied  by  Berkley.  The  neunines  of 
the  cardiac  ganglia  of  the  symiialhetic  arc  subordinated  to  centrifugal  im- 
pulses fnitn  the  meiliilla  oblongata. 

t  J.  Anat.  and  Ptiysiol.,  vol.  xiiii  {ISVH}. 
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that  each  peripheral  motor  nerve,  especial- 
ly those  going  to  the  extremiiies,  receives 
fibres  from  a  whole  series  of  diSereot  ven- 
tral roots,  the  opportnnity  for  such  dis- 
tribotioD  being  afforded  by  the  different 
oerve  plexases  (cervical,  lumbar,  sacral), 
and  also  by  the  large  nerve  trunks  them- 
selves, which,  it  seems,  are  to  be  looked 
upon  aa  a  kind  of  nerve  plexus.  It  would 
aeem  unnecessary  to  repeat  here  what  has 
already  been  discussed  at  some  length  in 
Chapters  XVII  and  XVIII.  The  remarks 
made  there  with  regard  to  the  neurotome 
and  its  relation  to  the  myotome,  and  the 
distribution  of  the  fibres  in  the  mixed 
nerve  stem  formed  by  the  union  of  the 
ventral  and  dorsal  roots,  are  just  as  ap- 
plicable here  as  there,  and  can  be  referred 
to. 

The  motor  axones  of  the  peripheral 
neurones  may  divide  several  times  on  their 
way  to  the  voluntary  muscles,  so  that  one 
neurone  is  capable  of  innervating  a  con- 
siderable number  of  striped  muscle  fibres. 
Arrived  at  the  muscle  in  which  they  ter- 
minate, the  bundle  of  nerve  fibres  breaks 
up  in  the  perimysium,  forming  in  it  a 
plexus  (Fig.  573).     The  individual  nerve 

FlO.  S73. — Spinal  cord  in  fonnection  above  with 


Leipt,  18B9,  Bd.  ii,  9.  B04.  Fig.  48S.)  V.  .._.  __ 
triReminas;  XII.  nervus  hypugluasuB;  C,,  finrt  cvr- 
Ticslnerre;  CS-B,  aei^ouil  to  eighth  cprvival  nerve; 
T  I-lg.  firet  to  twelfth  thoracic  nerve  ;  L  1-15,  SrKt 
to  fifth  lumbftr  nerve;  .1  IS.  first  to  fifth  Hacral 
oerve ;  6.  nervoa  coccygeus :  J!,  i.  flluiu  tennlnnle  of 
the  spinal  cord.  Fmm  the  nii>t  marked  /.|  to  j. 
csuds  oquinit ;  Er.  plexus  hraehiiilU:  Vr,  iiervus 
femoraliH;  Sfc,  nervus  iachiadieus;  O.  nervug  ohtuis- 
toriud ;  the  enlar)(ement  opposite  L.  i.  4,  and  S  repre- 
sent the  spinal  ganglia  on  Che  domi  roiitH.  On  tb« 
left  side  of  the  figure  Che  sytu^thetle  trunk  is  hIiowd. 
a  to  «  are  ganglia;  a,  ganglion  ccrvicale  superiiiK; 
band  e.  ganglion  cervicalt  medium  et  inrcrius;  d, 
first  thoracic  ganglion  ;  d' .  IohC  thoracic  ganglion;  I, 
fiiBt  lumbar  ganglion  ;  n,  first  ascral  gaiigliun. 
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fibres  can  divide  from  one  to  three  times,  each  time  giving  rise 
to  from  two  to  five  BiibdiviBiona.     In  this  way  the  number  of 


Flo.  S73.— NViTi-o  plpiusi's  and  tcriiiiiials  from  Ihf  mufvW  iif  a  liranl,  Bftci  ti.__ 
nirut  nilh  ililuU-  iitftii:  Hiid.  i.Ariir  I'.  Scliicfri.>r<]i!ck<.T.  (h'webi-lrhn', 
Bmunnriiw..  1891,  K  147.  Fix- W.)  Tht>  plvziu  on  tbe  left  gives  off  hnnch- 
ing  Bbrps.  whioli  (w  to  the  motor  lu-rve  ciidinitK,  Indlmted  by  the  nucleun- 
likc  Hpneaniiirni.  Tlie  liuili-i  'iT  thi-  niusFlc  fihivH  sqiI  thow  of  Schwanu's 
vbeKtli  liHVL'  nut  biTii  ilruwii.  and  the  i-uiinit-tive  tUBUV  )h  omitted. 

nerve  fibres  is  considerably  increased,  until  finally  there  are  a 
sufficient  number  to  supply  every  muscle  fibre  with  one  or  sev- 
eral nerve-endings  (Schiefferdecker).  The  number  of  nerve-end- 
ings for  the  individual  fibres  viirios;  thus  the  fibres  of  the  gas- 
trocnemius and  of  the  triceps  of  the  frog  always  receive,  according 
to  Sandmann,  one  nerre-ending  at  about  the  middle  of  the  fibre.* 
Tlie  fibres  of  the  sartorius,  on  the  contrary,  each  receive  from 
two  to  six  nurve-endings.  In  the  rectus  abdominis  muscle  a  fibre 
of  euch  muscle  segment  is  said  to  receive  its  own  special  nerve- 
ending.     Whil'.'  this  appears  to  bo  true  for  frogs,  in  mammals,  in 

■  Srindiimiin.  IVlii'nlii:  Vfrllii'lluiiKili-rmotorisolien  N'lTvcncndappArftte 
ill  a.Ti  qiier(,-cr<tr..'if(i'ii  Mii,Kk..lii  .I.t  Wirlifliliier.-.  An-li.  f.  .\nftt.  u.  PhTsiol., 
rhysiol.  .\l>(h.,  Ia.>ipz.  (IWr,!.  S.  240-3.12. 
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Bpite  of  their  great  length,  the  iodiTidual  muscle  fibro  appears 
to  need  only  one  nerve-ending. 

The  views  concerning  the  exact  mode  of  nerve-ending  vary; 
it  is  generally  stated  that  the  meduUated  fibre,  having  arrived  at 
the  muscle  in  which  it  is  to  terminate,  sends  its  axis  cylinder 
only  into  the  fibre  itself,  the  neurilemma  appearing  to  fuse  with 
the  sarcolemma,  the  myelin  sheath  disappearing.  The  continua- 
tion of  the  axone  then  branches  manifoldly  so  as  to  form  telo- 
dendriona  of  various  appearance.  In  reptiles  one  sees  typical 
motor  end  plates  so  well  known  since  the  studies  of  Euehne.* 
In  Fig.  574  the  appearances  to  be  met  with  in  Lacerta  are  shown. 
The  appearances  are  quite  different  in  different  animals.  In  Fig. 
575  the  relations  of  the  frog  are  illustrated ;  in  Fig.  576|  those  in 


Fia  874  —Motor  trlodi-ndn  n  etan  inifd  fre  h  n  phvii  oloKiral  mlt  solution 
fmm  Idcerta  Afcilu.  (After  VV  kuhn  7twhr  f  B  ol  Rd  xiili ;  t»kpn 
fn  m  "ch  effcrdecktr'a  Gcwolwlehre  J  The  id  luttat<^  a^  hm  IkH'II  torn 
off  nhort  the  nncle  of  the  'vhlentub'l  «t  are  w  11  Khonn  One  mirleuH  of 
the  Deanlemma  and  two  nucl  i  nf  H  n1  h  th  nth  an.  shuwn  on  thv  nerro 
fibre     The  DOLle  ufthemuail    fibn  arc   a»  Iv     b  blc 

the  rabbit.  In  every  case  the  axooe  breaks  up  into  a  number  of 
subdivisions,  manv  of  which  appear  to  spreid  oit  into  disklike 
platelets.  Von  Eolhker  Kranse  and  others  do  not  believe  that 
the  axis  cylinder  and  telodendnone  are  situated  between  the  sarco- 

*  Kuehne,  W.   Neue  Untersuchungen  Ober  motorische  Nervenendigung. 
Zeitschr.  [.  Biologie,  Bd.  xiiii,  pp.  1-149. 
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lemma  and  the  muscle,  but  assert  that  it  lies  upon  the  sarco- 
lemma  itself;   that  this  neurilemma  accompanies  the  subdivi- 


Fio.  S~5.— Motor  nerve  [indiiig  on  thp  M.  KantnicnciniuH  of  tho  froR.  (After  W. 
Kiiliiie,  an  inoclifii-d  by  1',  Si^hicflerilci-licr  in  his  IJpwpbelehrp,  BnuniMrbw.. 
IHUI.S.  lUi.  t'jg.  100.)  The  nie<lu1lHtr<l  nerve  fibre  N.  dividen  into  xeveml 
DU'dullaWd  li^nniiiHl  bnnic^hcn;  thp  rmnsed  «lriatiiiii  of  the  muscle  is  not 
shoirn.     (;A.  umi-itiedullHtiMl  hTniiiiul  fibrils  niLh  adjaeenL  uuclei. 

sioDS  to  their  terminiitions,  and  that  it  is  Henle's  sheath  which 
unites  with  the  sarcolemma.  The  majority  of  investigatora, 
however,  including  Kuehne  and  Schiefferdecker,  taiie  the  oppo- 
site view.  Sihier,  of  Cleveland,  believes  that  the  nerve  fibrils 
are  situated  outside  the  sarcolemma,  and  I  must  say  that  the 
beautiful  specimens  prepared  by  his  method,  which  through  hia 
kindness  I  have  had  the  opportunity  of  studying,  speak  strongly 
in  favor  of  bis  view — at  any  rate,  so  far  as  the  endings  in  the 


frog  are  concerned.  Apathy,  however,  by  meaDS  of  his  gold- 
chloride  metho<i,  demonstrates  the  existence  of  a  very  compli- 
cated arraDgeiiient  of    his  netirofibriUa,  inside  the  individuaJ 
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Ill,  S:?,— KiOifmi'  of  liiwir  lut.h.r  iii-iir..nc  Thi  mr.tor  nil  body.  tORPtht-r  wUh 
hU  ilN  pruloiilHKuiii'  iirni'<'NNu<.  itn  HXin-i'VliiKkr  {•riKCWi.  siilc  flbrilR,  ur  rul- 
IhIi-tiiK  hikI  inil  nmtilii'siliiiTi^  npiuuiit  pnrte  uf  a  KiiijilF  rell  ur  nrHnmr. 
a.h..  iiioiii'-hilliii-k  ikvoid  uf  Niml  iHnlicH.  uiiil  HhowiiiK  fibril latii>i) ;  nx..  axis 
I'^liniliT  iir  tt-ciiiiv.  This  pnM'cwi.  ii<«r  thi'  ci-U  body,  Ui'um™  KnmmnilFd  by 
iiiyclin.  n.,  uiul  it  I'cllutar  Hlmth.  thr  iicutili'inma.  thir  latter  nut  btinx  ao 
iiiti'snil  irart  uf  tlic  ncllnim' ;  r,  (.■^i.iibwni  nhun'tiiK  Nisnl  Ixili™  and  litchtiT 
irnmiKl  siilKttHiii'i' :  i/..  jinitonluHinu'  prMiiMcii  uli'iidriliio  t-untaininR  NumI 
hiHlli-H:  ».,  nii(-li-iis'.  n'..  uiu'Iwilux;  h.K..  node  i>r  Kiiiiviir:  i./..  cidi'  flbril : 
h.o/r,.  iiuidi-iui  <ir  iiriirMfiiiDU  slicatli;  M-Uiituri'iid  iilati'  ur  teludi'ndriao  ; 
»'..  slrlpcd  milwli-  tibrv;  a.f...  Ni'KUiiTiiUitiuu  uf  ljtnl«riiuiiiu. 
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motor  nerves  are  concerned,  is  to  convey  fibres  to  each  muscle 
from  different  parts  of  the  brain  and  spinal  cord. 

The  careful  dissections  and  electrical  experiments  of  Peyer  * 
proved  that  the  group  of  muscles  supplied  by  each  spinal  root 
was  a  complex  one,  and  also  that  each  muscle  is  supplied  as  a 
rule  by  more  than  one  root,  findings  which  were  confirmed  in 
large  part  and  extended  by  the  researches  of  Krause.f 

The  electrical  experiments  of  Erb  on  the  brachial  plexus  of 
man  made  it  seem  probable  that  the  researches  which  had  been 
conducted  upon  lower  animals  also  applied  to  the  functional 
relations  of  the  roots  in  human  beings. 

From  the  clinical  side,  too,  Remak  J  suggested  that  function- 
ally related  or  synergic  muscles  are  represented  together  in  the  ven- 
tral horns  of  the  spinal  cord.  He  arrived  at  this  conclusion  from 
his  observations  in  cases  of  atrophic  spinal  paralysis,  since  he 
observed  that  the  muscles  simultaneously  affected  corresponded 
to  those  concerned  in  definite  movements.  He  even  went  so  far 
as  to  indicate  the  probable  position  of  the  centres  of  certain 
brachial  and  crural  muscular  groups  in  the  cervical  and  lumbar 
portions  of  the  spinal  cord  respectively. 

Some  help  was  gained  with  regard  to  motor  localization  at 
this  period  from  the  study  of  the  spinal  cord  after  amputations 
and  from  experiments  on  animals  undertaken  by  von  Gudden's 
method.  But  the  next  significant  advance  in  knowledge  dates 
from  1881,  when  the  experiments  with  localized  faradic  excitation 
were  undertaken  by  Ferrier  and  Yeo.*  These  investigators,  by 
stimulation  of  the  individual  ventral  roots  in  the  monkey,  proved 
not  only  that  various  muscles  contract,  but  that  a  definite  group 

♦  Peyer,  J.  Ueber  die  peripherischen  Endigungen  der  motorischen  und 
sensiblen  Fasern  der  in  den  Plexus  brachialis  des  Kaninchens  eintretcnden 
Nenrenwurzeln.    Ztschr.  f.  rat.  Med.,  Heidelb.,  2  R.,  Bd.  iv  (1854),  S.  52-77. 

f  Krause,  W.  BeitrSge  zur  Neurologie  der  oberen  Extremitftt,  4to,  Leipz. 
n.  Heidelb.  (1865). 

X  Remak,  E.  Zur  Pathogenese  der  Bleilfihmungen.  Arch.  f.  Psychiat.  u. 
Nervenkr.,  Berl.  (1876). — Zur  Pathologie  der  Lfthmungen  des  Plexus  brachi- 
alis. Berl.  klin.  Wchnschr.,  Bd.  xiv  (1877).  S.  116-118.— Ueber  die  Localisa- 
tion atrophischer  Spinallfthmungen  und  spinaler  Atrophien :  klinische  Bei- 
trSge  zur  Pathologie  und  Physiologic  des  RQckenmarks.  Arch.  f.  Psychiat. 
u.  Nervenkr.,  Berl.,  Bd.  ix  (1878-*79),  S.  510-635. 

•  Ferrier,  D..  and  G.  F.  Yeo.  The  Functional  Relations  of  the  Motor 
Roots  of  the  Brachial  and  Lumbo-sacral  Plexuses.  Proc.  Roy.  Soc.  Lond., 
vol.  xxxii  (1881),  pp.  12-20. 


900 


THE  NERVOUS  SYSTEM. 


of  muscles  in  synergic  combination  is  set  into  activity,  the  effect 
being  to  produce  a  highly  co-ordinated  movement  such  as  Remali 
had  suggested  must  be  the  case.  They  found,  for  example,  that 
stimulation  of  the  first  thoracic  root  causes  adduction  of  the 
thumb  and  Hexion  of  the  fingers  at  the  metacarpo-phalangeal 
joints ;  stimulation  of  the  eighth  cervical  root  leads  to  a  complex 
reaction,  compriaiug  firm  closure  of  the  fist  (intrinsic  muscles 
and  long  flexors  of  fingers  and  thumb),  pronation  and  flexion  of 
the  wrist  (to  the  ulnar  sido),  and  extension  of  the  forearm  with 
retraction  of  the  upper  arm  (long  head  of  the  triceps,  especially 
in  action).  Stimulation  of  the  seventh  cervical  root  caused 
adduction  of  the  upper  arm  with  rotation  inward  and  retraction ; 
the  forearm  became  extended  so  as  to  bring  the  dorsum  of  the 
hand  against  the  rump,  the  wrist  and  fingers  being  flexed  (at 
their  second  phalanges),  the  ao-calied  scalp/or  am  movement, 
involving  the  co-operation  of  numerous  muscles.  In  the  same 
way  they  determined  the  complex  movements  which  result  on 
stimulation  of  the  ventral  roots  of  0  vi,  C  v,  C  iv,  S  i,  L  vii,  L  vi, 
L  V,  L  iv,  and  L  iii. 

Since  the  muscles  thrown  into  action  by  each  ventral  root  are 
innervated  in  most  cases  by  several  nerve  trunks,  Ferrier  and 
Yeo  concluded  that  the  plexiform  junctions  of  the  various  roots 
are  for  the  purpose  of  distributing  the  requisite  motor  fibres  in 
different  trunks  to  the  various  muscles  engaged  in  each  functional 
eombination.  Such  a  view  would  explain  why  section  of  a  motor 
root,  while  causing  paralysis  of  the  corresponding  combinatioD, 
need  not  necessarily  paralyze  the  individual  muscles  involved, 
and  the  remarkable  findings  of  Panizza  were  thus  made  leas 
unintelligible.  These  experiments  were  in  large  part  confirmed 
by  Bert  and  Marcacci,"  and  were  confirmed  and  extended  bj 
Forgue,t  the  latter  investigator  stating  that  each  root  passing  to 
the  upper  or  lower  extremity  supplies  the  two  opposite  surfaces 
of  the  limb;  that,  in  the  cervical  region,  as  the  thoracic  roots 
are  approached,  the  resulting  muscular  contractions  involve  the 


•  Berl.  P„  eii  A.  Marcacti.  ('ommunicazione  preventiva  sulU  distrjbu- 
ziotie  Jelle  radici  motrici  net  musculi  degli  arU.  Speri  men  tale,  Firenee, 
vul.  ilviit  (1881).  pp.  356-358.— Compt.  rend.  Soc,  de  Biol.  (1881) ;  alH  Uuc 
m.y.de  Paris  (1881).  p.  513. 

f  Forgue.  1%.  Distribution  dcs  racines  mntriccs  dam  let  mutwies  des 
membres.  Ga?..  hebd.  d.  x.  mi^d.  Je  Montpel..  t  v  (1883),  p.  353 ;  ii7» ;  S99 ; 
388.— Also  TbiiM  Muntpellier  (1883). 
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in  the  upper  part  of  the  circumferenct:,  while  flexion  is  repre- 
sented by  a  bundle  of  fibres  in  the  lower  part  of  the  aaino  root 
Each  bundle  of  nerve  fibres  representing  a  single  simple  move- 
ment in  a  nerve  root  remaiDS,  Russell  states,  distinct  in  its  course 
to  the  muscle  or  muscles  producing  such  a  movement  without 
inosculating  with  other  motor  nerve  fibres. 

It  is  interesting  to  note  that  all  the  recent  investigations  indi- 
cate that  the  group  of  muscles  supplied  by  any  given  root  to  a 
limb  occupies  not  only  the  anterior  but  also  the  posterior  surface 
of  the  limb;  in  other  words,  that  muscles,  the  unimpeded  action 
of  which  would  produce  a  certain  movement,  are  represented  in 
the  same  root  as  others,  the  action  of  which  would  produce  a 
movementdiametrically  opposite  {antagonistic  muscles).  In  such 
combinations,  however,  one  set  of  muscles  ie  always  more  exten- 
sively represented  than  others,  so  that  with  sufficiently  energetic 
stimulation  of  all  the  fibres  of  a  given  nerve  root  certain  muscular 
contractions — for  example,  those  of  flexion  of  the  Joint— predomi- 
nate in  their  action  over  othtTs.  That  the  individual  bundles  of 
fibres  in  the  nerve  roots  do  not  go  to  single  muscles  is  proved  by 
the  fact  that  it  is  impossible  by  stimulation  of  such  a  single  bundle 
to  produce  contraction  of  a  single  muscle  alone.  As  might  have 
been  expected  from  what  we  know  of  the  relation  of  the  myotome 
to  the  neurotome,  when  the  same  muscle  is  represented  in  two 
nerve  roots,  the  fibres  of  a  muscle  which  are  innervated  by  one 
nerve  root  are  not  innervated  by  the  other. 

In  general,  these  results  have  been  confirmed  by  a  whole  series 
of  researches  in  embryology,  comparative  anatomy,  clinical  medi- 
cine, pathological  anatomy,  and  experimental  physiology.  In 
1888  M.  Allen  Starr  *  did  great  service  by  combining  in  the  form 
of  a  table  the  data  which  up  to  that  date  had  been  accumulated. 
W'e  produce  here  the  table,  slightly  modified,  including  some  of 
the  changes  suggested  by  Edinger. 


*SIarr.  M.  Allen.  Kf  ritigomvctia ;  ils  Patholosf  and  Clinical  Pualureii. 
vith  a  Stiuly  of  s  fuse  and  Remarks  upun  i(s  Diagnosis.  Am.  J.  Med.  So., 
I'liila.,  n.  !>..'vul.  xfv  (IBSe).  pp.  456-468, 
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huridizalion  nf  Fuiie 


the  Difrrtnl  Segmtnlt  of  Ihi  Spinal  Cord. 

{('ontiifie'l.) 


KpigHStriu  rutlex 

(T.  iv-vii). 
Abili>mitial  reflex 


'  I  m!  Bart»ri 
!  Mm.  abd<i 


M. 

Ktm.  fli-xoR-s  genus 
I     (UfiiiHkt) 
I  M.  i|U«(lrice|M  fiTnoris. 

M.  qiiiulrievi>s  rcniDrU 
I  Mm.  rotAtorcK  fi-innriH 

(iiiwanl). 
I  Min,  addiictorw  fciiioris. 
'  SItii.  ftWiictores  fi-iiioris. 
i  Mm.  Biyuctnri'x  friiiiiris. 

M.  tibiHlis 
!  Mm.  flexom  . 
(Ffrricrt) 


I  Mm 


(uiilv 


inl). 


Skin  of  tliorai. 
back,  kbdometi. 
ami  up)ier  gluteal 

Skin   of  pubic  re- 
gion. 
.Anterior    |tfirt    nf 

WTDtlim. 

Outer  side  of  bip. 


Inner  side  of  iliigh 
mill  h-g  as  far  m 
anklp;  inner  liila 
of  foot. 


Mm.  flexores  jrenus 

(PorriBrl) 
Mm.  flexores  pedis. 


Ttiick  «f  hi)> 
'  thl|;h  and  ol 
I    [lart  of  foot. 


I'liuitar  ruflex.  Hack      nf 

cmler  side 

Arliillesloiidonre-  ■  Skin  over  n 
Hvx.  pcrinn'um, 

Vusical  and  rectal  '     talja,   and 


The  sturiiug  jioint  fur  tlio  recunt  studies  of  the  grouping  of 
the  nerve  cells  ioside  the  sjiinal  cord  is  the  exliaugtive  research 
of  Waldever*  upon  the  spinal  cord  of  the  porilla  to  which  we 
have  already  referred.  The  groups  designated  by  him,  or  modi- 
fications of  these,  are  still  in  iipe. 

The  next  important  rcseurcli  bearing  upon    the  topic  now 


rr.   \V.     Da*   Gorilla-Hlltkfniiiark.     .VUiaiidl.  d.   K.  Akad.  d. 

J  m-rliud.'WHl.  S.  IM. 
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o.  579. — Spiiml  furd  uf  mlnlt  man  at  Idvi'l  nr<'  1I[.  t«  Hhnw  the  gronpins  of  thp 
uprvp  .ell)!,  iAft.Tll.  Kiumt.  Di.- FnnktiiilMii  der  OmiBlii'nzfll<iid«i  Hal* 
niarki-H.  i-t<-..  HnHR.  IHni.  Tiif.  ii.  Fix.  3)  At.U..  Hniiwiriun  fcninp;  h.lk.. 
huHilcflUoriloisol  lii.ni:  M.A.t;..  iiu'diiil  v.-uinil  Er..u|, :  Jtfz.  niiilifir  tvllii: 
ft.7...  iiuckUH  ilcirsuliM  (rcrviiiil  inii'lciih  uf  KtilliiiK) :  '"^i  vi-IU  of  raniD 
latt'nil<> ;  r.(;.,  vcotnil  group  :  ;X  siwitrnil  .tIIk. 


la.  saO. — TransveTse  Miction  through  human  gpinBl  cord  at  level  of  C  V.  (After 
O.  Kkiser,  IKe  Fonktionen  diT  QanRlionzellen  dra  U&lKmnrkes.  etc..  Haag. 
isei,  l^f.  Iv.  Fig.  4. )  ^c.r;,.ac««Boriusgroup;  (,(;j,  latoml  group  1 ;  t.G.t. 
Istenl  group  2;  1.(1.3,  lateral  gruupS;  m.d..  mnliul  group;  Jfz.  middle 
celU;  A,  ceHiof  cuniu  laterale;  t.ll,,  vfiitml  group. 
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Flu  VI  — Tru  K    rw  «  t    n  thniufch  tl      h     iiin   si     al  r  nt  hI  thr  Ii'VpI  of 
MM         \fl  Kui-ar    IM     F  nkli  1  r  <«  r1    ntrllc     dm  HuW 

n   rk-s     tr    ilw  k   l<mi  'Rtf  v     FkT      I  I<        Ut  ml  d  nul  sniap:  l.r.';., 
lal  lal        liul  iinxii     m  (     ii  -dull  gruup    Hi  lu  d  11       lU 
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region  (Fig.  583,  G)  the  nuclei  of  the  muscles  of  the  forearm  are 
bituated  in  the  ventro- lateral  column,  while  the  muscles  of  the 
hand  are  represeDt«d  behind  these  in  the  most  dorsal  and  in- 
ferior parts  of  the  nucleus  of  the  superior  extremity. 

Collins  compared  the  cervical  enlargement  from  a  normal 
cord  with  that  from  a  case  of  poliomyelitis.  By  careful  exami- 
nation of  serial  sections  he  concluded  that  the  vast  majority  of 
the  motor  cells  of  the  cervical  cord  show  a  definite  arrange- 
ment; that  certain  of  these  cells  form  columns  which  extend 
through  several  spinal  Begments;  that  definite  functions  can  be 
attributed  to  certain  groups  and  to  certain  columns  of  cells  in- 


Fia  S8S  — Transvene  sectionB  ifthc  fvCal  hunian  rord  18.T  cm.  long.  lAfterO. 
kiiwr,  Die  Funktiun<  n  dir  Ganglienzelleii  des  HalHoarkiii,  etc.,  Hang.  IB91, 
l^f.  U.  Fig.  10a  and  PIk.  IDA.  I  a.  Junitiiin  uf  C  V  withC- VI.  h.  Junctiun 
ofCVIIwithCVirr.    «./;..  a.a««rii 


side  the  spinal  cord ;  that  the  main  cellular  groups  correspond- 
ing to  the  brachial  plexus  are  three  in  number,  and  extend  from 
the  upper  part  of  the  fourth  cervical  segment  to  the  lower  part 
of  the  first  thoracic  segment,  the  cells  of  the  upper  part  of  this 
territory  innervating  the  muscles  of  the  shoulder  and  of  the 
arm,  the  cells  of  the  lower  part  innervating  the  muscles  of  the 
arm  and  of  the  hand.  The  group  of  cells  innervating  the  flexor 
muscles  is  aitnated  outside  and  below  that  innervating  the  ex- 
tensor muscles.  On  the  other  baud,  the  cells  innervating  the 
extensor  muscles  are  more  medially  placed  than  those  innervat- 
ing the  flexors.     The  muscles  of  the  back  are  innervated,  he  be- 
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lieves,  by  the  cells  situated  ventrally  and  medially  in  the  ventral 
horn.  Collins  believes  that  the  number  of  cells  and  cell  groups 
is  in  direct  relation  with  the  motor  functions  of  the  parts  corre- 
sponding to  them  topographically.  The  nucleus  for  the  phrenic 
nerve,  according  to  Collins,  occupies  the  ventro-medial  portion 
of  the  ventral  horn  at  the  lower  part  of  the  third  cervical  seg- 
ment (Fig.  584). 

The  localization  of  cells  corresponding  to  various  muscles 
entered  upon  a  new  era  with  the  introduction  of  the  special 
method  devised  by  Nissl  in  1894.*  This  method  {Methode  der 
primdren  Reizung),  and  some  of  the  results  to  which  it  has  led, 
have  already  been  referred  to  in  Chapter  XX.  It  depends  upon  the 
fact  that  if  the  axone  of  a  lower  motor  neurone  be  severed,  certain 
definite  and  easily  recognizable  changes  occur  in  the  cell  body 
of  that  neurone.  There  is  disintegration  or  disappearance  of  the 
tigroid  masses  in  the  protoplasm,  and  the  nucleus  becomes  dis- 
located to  the  side  of  the  cell.  The  inventor's  application  of 
his  own  method  was  not  so  happy  as  that  of  recent  investiga- 

B 


Fig.  583. — Grouping  of  cell  iKxiies  of  lower  motor  neurones  innervating  various 
muscleH.  (After  G.  Hammond,  N.  Y.  M.  J.,  1894,  ah  modified  by  F.  Sano. ) 
A.  l>evel  of  L  III,  cells  goveminK  M.  quadricepH  femoris.  B.  I<*vol  of  T  X. 
cells  innervatiuR  the  ahtlominal  muscU^.  ('.  Level  of  inferior  cervical  cord  ; 
ventral  nucleus  goveminK  muscles  of  forearm  ;  dorso-lateral  nucleus  govern- 
ing intrinsic  muscle.s  of  the  hand. 


tors,  for,  instead  of  extirpating  individual  muscles,  Nissl  cut  defi- 
nite nerves  such  as  the  radial,  the  ulnar,  and  the  median.  He 
found  changes  in  cells  in  the  spinal  cord,  not  in  compact  groups, 
but  more  or  less  at  intervals,  a  fact  which   is  not  surprising 


*  Nissl.  F.  Ueber  cine  neue  Untersuchungsmethode  des  Centralorgsns 
8|:)eoiell  zur  Feststellung  der  Localisation  der  Nervenzellen.  Centralbl.  f. 
Nervenheilk.  u.  Psychiat.,  Coblenz.  u.  Leipz..  Bd.  xvii  (1894),  S.  337-374; 
also  in  Anh.  f.  Psychiat.  u.  Nervenkr..  Berl.,  B<i.  xxvi  (1894),  S.  597-612. 
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when  one  considers  the  central  and  peripheral  relations  of  these 

nerves,  and  those  of   the  neurotomes  and  myotomes  to  which 

they  correspond.     His  results  have  been  in  general  confirmed  by 

Colenbrander,*  by  Marinesco,f 

Flatau,  I  and  by  others.     By 

means  of  this  method  attempts 

at  localization  in  the  nucleus 

nervi  oculomotorii  have  been 

made    by    Bernheimer^    and 

Schwabe  ||  {vide  infra). 

J.  Erlanger,  in  Prof.  Mall's 
laboratory  in  Baltimore,  has 
used  this  method  to  determine 
the  position  of  the  cells  in  the 

spinal    cord,    which    innervate    P'o-  584.— Diagram  of  the  human  spimil 
^r      ,  .  ,      .  1.1..  <^or(l  at  the  level  of  C  III  from  a  case  of 

the   biceps   muscle    m    rabbits.        poliomyelitis.     (After  J.  (>)llin8,  N.  Y. 

After  extirpating  the  muscle     ^ho'nuno^thfph;::!.iciBho^"°-^ 
or  cutting  the  motor  nerve  go- 
ing to  it  he  studied  the  changes  in  serial  sections  in  the  spinal 
cord,  the  animals  having  been  killed  fifteen  days  after  the  experi- 
ments. * 

A  most  important  series  of  researches  in  this  connection  have 
been  undertaken  by  Sano,'^  who  has  studied  a  number  of  spinal 
cords  by  NissPs  method  after  amputation,  and  has  made  a  num- 
ber of  ingenious  experiments  on  cats,  pigeons,  and  rabbits.    From 


♦  Colenbrander.  Over  de  Structuur  der  Gangliencel  uit  den  boorsten 
Hoom  (1896),  cited  by  Sano. 

f  Marineaco.     Op,  cii, 
X  Op.  eii. 

*  Bernheimer,  S.  Zur  Kenntniss  der  Localisation  in  Kemgebiete  des 
Oculomotorius.    Wien.  klin.  Wchnschr.,  B<1.  ix  (1896),  No.  5. 

I  Schwabe,  H.  Ueber  die  Gliedening  des  Oculomotoriushauptkerns  und 
die  I^age  der  den  einzelnen  Muskeln  entsprechenden  Gebiete  in  demselben. 
Neurol.  Centralbl.,  Ijeipz.,  Bd.  xv  (1896),  S.  792-794. 

^  Sano,  F.  Lea  localisation  motrices  dans  la  raoelle  lombo-sacroe.  J. 
de  neurol.  et  hypnol.,  Par.,  t.  ii  (1897) ;  Les  localisations  motrices  dans  la 
moelle  ^piniere.  Communication  au  Congres  de  Neurologie  et  dllypnologie, 
Septembre.  Bruxelles.  Resume  dans  le  J.  de  neurol.  et  hypnol.,  1897; 
Ijcs  localisations  des  fonctions  motrices  de  la  moelle  cpiniere.  Annales 
de  la  Socidt^  Mddico-CThirurgicale  d'Anvers,  19  Novembre  (1897) :  De 
la  constitution  des  nojaux  moteurs  medullaires.  J.  de  neurol.  et  hypnol. 
(1898),  p.  62 ;  Localisations  mddullaires  motrices  et  sensitives.  Jbid.  (1898), 
p.  129. 
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the  results  of  these  and  a  very  careful  consideration  of  tiie  liter- 
ature, this  author  has  formulated  hia  views  concerning  the  con- 
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«s  ♦  5  <  f 


Fio.  IWB.— I^ilnmiw  of  fwy  matter  anil  nint«r  nnrli-i  iif  intoinmn-ntu  «Tvir«lii(. 
IARitK.  S*ihi.  Lo  LHcalimtiinu  dve  runftiiiiM  iutitriiti>  dc  la  hiwIIf  i-piniiii-. 
AnvrM,  Bruidb^  IBIftl.  p.  SS-i  ^WNnaa  mediuli*—!.  a.  Kbort  mtatont  at 
hMil ;  M.  Hulihyiiiil  iuuiwIm:  t.r.il.r./.rxtctiw>n(and  nituion of  thi- vcrtrbnl 
nilumn.  i.  nnrlrURtliaphniiniiattHUht- M-rfvaiif nyiuisibi-tirnurlriniDipuK'd 
iif  Miiall  (vHk  liavF  tint  nH>ti  dnwn  im:  they  an- Mtoated  hehind  thi' nilumtia 
mnlialiii  iH«r  tbr  c»luniiia  vanalix  crnttallii.  'Wmmm  iHlfrmfdio-lalfrali»—g. 
",  impnduR  aiHl    M,  sti-rao-vleidu-inastiiidi-iiB: 


rrrviralKt :  Sim,  ti 


» iih-ni>H'h-id<^n 


Imtmliu :  -  f,  liifrriiir  nan  iif  M.  tiaiirdiiii : 


thir  M.  latiiMniiUi  d«nii.  (Ukmna  r/trrmiMh nprrieri*--.'!.  Mm.  im-Umlm: 
i.  i.  M.  Irvjtiir  waiiulit:  r.  M.  ivmitaN  tnajor:  '•'.  niiucUii  nf  the  shnultlrr: 
T.  f.  M.liiiviw:  IdWcrduwn  Mi|iinati>iv  aiHl  (-xtciiMirfiif  llic  fiiim-TK:  Iwtwtni 
rf  ami  r  flciiin-H  ami  pninatDix:  '.  thenar  am)  hyginthvnar  niuHjtm : /.  hfliw- 
llH-iiar  muMli-s :  J.  i(.  M.  trin-iis  htacliii :  r.  SI.  am-oiitru^ 

stitntiun  of  the  columns  of  motor  cells  in  the  spinal  cord.  Hta 
work  is  of  value  and  interest  and  should  be  consulted  by  every 
one  who  wishes  to  become  familiar  with  the  mo^t  rt'ceni  findingi 
dealinfr  with  spinal  motor  localization. 

Id  brief,  Sano  distinguishes,  as  do  most  neurologists,  in  the 
Tcntral  horn  two  longitudinal  columns  of  motor  cells  which  an 
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almost  coDBtant  throughout  tlie  whole  length  of  the  cord — the 
colitmna  metlialis  and  the  columna  iiilermediolateralin;*  on 
tranBverse  section  these  lire  designuted  the  nuclei  mediales  and 
the  nuclei  intermediolaterales.  Euch  of  these  columns  may  be 
subdivided  in  places  into  two,  three,  or  four  secondary  columns. 
Between  the  columna  medialls  and  the  columna  intermedio- 


iS  f  5  t  f 


Fio.  BSe. — Columns  of  gray  msttor  Hiid  nintur  nuclei  of  the  intumcsccntiii  lutn- 
halU.  ( After  A,  Sanu,  I.i'»  LtMnlisHtioim  des  foiictioiis  luutricts  dc  la  moclU' 
jplnl^re.  Auveni.  Bnixelles.  DWB,  p.  33. 1  ColHnma  miiliatii—l.  g,  h,  i,  ex- 
tensor  sad  roIuMr  muwles  uf  tlio  spine  ;  j,  it.  muwulus  ischiococcyfieus  and 
M.  levator  ani;  S.  Ic.in  front  M,  Bphiiicter  ve»ieHliM  :  behind  Jtf,  M.spliincter 
sni ;  the  syiuptitbetic  narlei  ure  not  HRured  furihe  viHeeial  muaclwi.  tUHimui 
iHlfrmrdMatrralii—S.  g,  abiloiainal  miiscliH;  A.  M.  crenuuitGr  i  j.  jt.  tuuseles 
of  the  perineom.  ColHmna  eitrrniilatu  inferhriA — ^.  i,  H.  pjrraniiiialeK :  3,  h, 
M.  iliu-|Boaa ;  i,  Mm.  gliittei :  j.  Mm.  (tciuclli,  M,  i^rifomiiR ;  i.  M.  quiulrieeps 
femurix;  5,  M.  pertoneua:  Mm.  addurtores;  6.  i,  flezoniof  the  fcuev;  linrvr 
down  M.  poplil^Ds.  M,  trii'ep*  nuTte,  J;  7.  h,  M.  tihlallN  antiruti :  t,  exteiiKur 
miiHele*  cif  the  tiH«.  Mm.  peronei :  lower  ilonu.  M.  tihialia  iMttticus;  flrlon> 
of  the  toes ;  j,  t.  intrinsic  hiuwIim  of  tlur  foot. 


*  The  term  columna  mterniedii>-laterali9  corresponds  t^  the  Stitenhom- 
itllen  of  WalUejer.  These,  together  with  his  MitUlmllrn,  oorrMpnnd  to  <!■ 
Lockhkrt  Clarke's  Tracius  intemie(ho-laterall!>,  de«  -  '  -  '-  — 
Rcsearcheson  the  Gra}' Substance  of  the  SpiiiuiCor 
Txind.,  Bd.  cilii  (186B). 


914  THE   NERVOUS  SYSTEM. 

lateralis  there  are  intercalated,  in  the  cervical  and  lumbar  en- 
largements, longitudinal  motor  nuclei  of  considerable  size  which 
are  related  especially  to  the  muscles  of  the  extremities.  These 
intercalated  nuclei  are  known  in  the  cervical  enlargement  as  the 
columna  extremitatis  snperioris  (Kaiser's  nucleus  extremitatis 
superioris),  and  in  the  lumbar  enlargement  as  the  columna  ex- 
tremitatis  inferioris. 

In  Fig.  585  the  various  nuclei  in  the  cervical  enlargement  are 
shown  not  only  in  their  longitudinal  extent,  but  also  in  their 
reciprocal  positions  in  transverse  section.  In  Fig.  586  the  motor 
nuclei  of  the  lumbar  enlargement  are  represented.  If  the 
legends  accompanying  these  be  carefully  consulted  they  will,  it 
is  believed,  be  understood  without  further  description.  It  is  to 
be  remembered  that  not  every  one  of  these  nuclei  has  as  yet 
been  definitely  established  by  means  of  NissFs  method,  but  the 
figures  represent  accurately  the  present  status  of  knowledge 
gained  from  a  great  many  different  sources.  The  articles  of 
Flatau  *  and  van  Gehuchten  f  may  with  profit  be  consulted  in 
this  connection. 

On  the  whole,  then,  it  is*  seen  that  in  the  spinal  cord  each 
muscle  is  represented  by  a  nucleus  of  ventral  horn  cells.  Further, 
each  segment  of  the  spinal  cord  may  contain  portions  of  the 
nuclei  of  a  number  of  different  muscles;  and  these  portions, 
judging  from  electrical  excitation  of  a  whole  ventral  root,  may 
correspond  to  a  very  complex  movement.  Section  of  the  ventral 
root,  as  Warrington  has  shown,  leads  to  degeneration  of  the  nerve 
cells  in  all  the  groups  in  a  given  segment.  Russell's  experi- 
ments, in  which  he  excited  electrically  the  individual  bundles  of 
a  single  ventral  root,  render  it  almost  certain  that  the  very  com- 
plex movement  represented  in  a  whole  ventral  root  can  be  ana- 
lyzed into  a  large  series  of  simpler  component  movements.  The 
nerve  cells  corresponding  to  these  individual  simpler  component 
movements  have  not  been  localized  inside  the  spinal  cord,  but 
there  can  be  but  little  doubt  that  they  will  be  at  some  later 
time. 


*  Flatau,  E.  Ueber  Verftnderungen  ira  menschlichen  RQckenmark  nach 
Wegfall  grSsserer  Gliedmassen.  Deut.  med.  Wchnschr.,  Bd.  xxiii  (1897), 
S.  278-279. 

t  van  Gehuchten,  A.  L*Anatoraie  fine  de  la  cellule  nerveuse.  VerhandL 
d.  Intemat.  Congr.,  Moscow,  1897. 


(B)  Those  pertaining  to  the  Bhombencephalon,  IsthmuB,  and 

Mesencephalon. 

CHAPTER   LVI. 

THE   LOWER  MOTOR   NEURONES   (CONTINUED). 

Lower  motor  neurones  above  the  spinal  cord — Columna  raedialis— Columna 
lateralis — Curves  of  central  canal — The  so-called  **  head-cavities  " — 
Proximal  or  prodtic  cavities — Distal  or  postotic  cavities — Cephalic 
myotomes — The  so-called  **  components  **  of  the  peripheral  nerves — 
Somatic  motor,  somatic  sensory,  visceral  motor,  visceral  sensory,  and 
acustico-lateral  components — N.  hypoglossus — N.  accessorius — N.  vagus 
— X.  glossopharyngeus — N.  facialis — N.  abducens — X.  trigeminus — N. 
trochlearis — X.  oculomotorius. 

The  lower  motor  neurones  pertaining  to  the  rhombencephalon 
and  mesencephalon  are  those  the  axones  of  which  go  to  make  up 
the  motor  cerebral  nerves.  Continuous  with  the  motor  gray 
columns  in  the  cord  are  similar  columns,  though  less  regular  and 
more  interrupted  in  the  medulla,  pons,  and  midbrain.  The 
motor  cells  in  these  upper  regions  (Fig.  587)  are  divided  into  two 
very  distinct  longitudinal  masses,  one  placed  more  medially, 
the  other  more  laterally.  To  the  me^lial  column  passing  from 
below  upward  belong  the  nucleus  N.  hypogUissi  and  the  nucleus 
X.  abducentis ;  while  to  the  lateral  column  paM^ing  from  U^low 
upward  belong  the  motor  nuclei  of  tlu;  \.  a^x-CHrforins,  N.  vagus, 
N.  glossopluunrngeus,  X.  facialis,  N.  trigeminus,  and  pro^/ably 
also  the  nucleus  X.  trochlearis  and  the  nucleus  X.  rx  nlomot^irii, 
although  there  »  some  doubt  as  Ut  whether  the  laiit  two  nuclei 
belong  to  the  lateral  or  to  the  merlial  column  of  motor  cell<<.  In 
the  medulla  oblongata  the  motor  cfAU  form  almost  a  continuou<i 
column,  but  in  the  [lons.  i-sthmns,  and  mid  brain  th';re  are  wide 
interspaces  between  the  groofr-  of  motor  nAVA. 

The  central  car^I.  in  ria-aing  from  th^*  ^'ord  Up  th^-  fr^rntriculu* 
tertius,  show*  two  mark^  ''-nrve«!,  Th'r  fir-t  i.4  at  the  jun^rtion  of 
cord  and  medulla,  wh^rre  the  r-^tn^  f:ur fen  rajiidly  doftalward  Ut 
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open  into  the  ventrieiiluB  quartus.  The  eecotid  is  above  the 
aqueductus  cerebri  (Sylvii),  where  the  canal  curves  ventralward 
to  enter  the  ventricnlua  tertius.  It  will  be  noticed  that  the  longi- 
tudinal fibres  near  the  raphe  follow  the  same  curve.     Opposite 


Fio.  587,— Bniin.  showiiiR  the  oriitiii  and  tpnuinntiuii  of  the  ncrvi  reruhnilrs; 

hmiiHii  imliryii,  Knmi  a  nitiiistnii-liim  cnliirtccil  bIhuiI  I'ightwn  timiv. 
(.\fl(TW,  His.  tiikpii  fiviu  .1.  Kollnuiiiii'!!  U-lirhiuh  dt-r  Entn-ickclaDfraftt- 
wliii'liU'ii  i\n  Mi-nwlii'ii,  Jcnn.  I8BS.  .S.  5tSi.  Fig.  331,  >  Tt:  luber  ciuen-um; 
U.  h.v|Kii.hysis, 

the  lower  curve  the  fibres  of  the  fusciculus  ventralis  proprius  pass 
dorsalward  to  enter  the  fasciculus  longitudinalis  medialis.  Oppo- 
site the  upper  curve  the  tibrea  of  the  fasciculns  longltiidiiialis 
medialis  pass  ventralward  to  the  region  of  the  nucleus  faaciculi 
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loDgitudinalis  medialis  (nucleus  of  Darkschewitsch).  The  two 
cerebral  motor  nuclei  of  these  regions — namely,  the  nucleus  nerri 
hypoglossi  and  the  nucleus  nervi  oculomotorii — conform  also  to 
the  curve,  so  that  when  looked  at  from  the  side,  these  two  nuclei 
are  seen  to  lie  obliquely  to  the  long  axis  of  the  medulla,  pons, 
and  midbrain. 

The  cell  bodies  in  all  these  nuclei  are  very  much  like  those  of 
the  spinal  motor  cells,  being  typical  multipolar  stichochrome 
cells.  Their  axones  plunge  out  as  a  rule  almost  directly  into 
the  peripheral  nerves.  The  exceptions  to  this  rule  are  met  with 
in  the  motor  axones  of  the  ninth  and  tenth,  which  run  backward 
from  the  nucleus  ambiguus  toward  the  floor  of  the  ventricle,  then 
to  run  out  in  the  same  bundle  in  which  enter  the  sensory  portions 
of  these  nerves.  The  fibres  of  the  seventh  nerve  make  a  remark- 
able discursion  after  leaving  their  nucleus.  They  pass  upward 
and  medialward  (pars  prima)  to  the  inner  side  of  the  nucleus 
nervi  abducentis,  then  pass  cerebralward  along  the  floor  of  the 
fourth  ventricle  for  a  short  distance  {gerut  internum)^  and  again 
turn  lateralward  and  afterward  ventralward  {pars  secunda),  to 
take  their  exit  from  the  central  nervous  system  at  the  junction 
of  the  medulla  with  the  pons.  The  most  remarkable  behavior 
of  axones  is  perhaps  that  met  with  in  connection  with  the  fourth 
cerebral  nerve.  Although  the  nucleus  X.  trochlearis  is  situated 
in  the  isthmus  ventral  to  the  aqueductus  cerebri,  all  its  axones 
pass  dorsal  to  the  aqueduct,  and  undergo  total  decussation  with 
the  fibres  from  the  opposite  side.  The  relations  of  the  cerebral 
and  upper  spinal  nerve  roots  to  tha  central  nervous  system  are 
clearly  visible  in  Fig.  588. 

The  axones  of  the  cerebral  motor  nerves  run  in  the  peripheral 
nerve  trunks  to  the  muscles  which  they  govern,  and  end  on  the 
muscle  fibres  as  typical  motor  telodendrions,  just  as  do  the  spinal 
nerves.  The  periods  of  myelinization  of  the  various  cerebral 
nerves  has  recently  been  very  carefully  established  by  Westphal.* 

Much  work  has  been  done,  especially  from  the  enibryological 
side,  with  the  view  of  establishing  the  exact  relation  of  the  lower 
motor  neurones  corresponding  to  the  cerebral  nerves  and  the 
muscles  which  they  supply.     It  would  appear  that  the  muscles 


♦  Westphal,  A.  Ueber  die  Markscheidenbildung  der  Gehirnnen-en 
des  Menschen.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxix  (1897),  S. 
474-527. 
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of  the  head,  of  the  eyes,  and  of  the  middle  ear  arise  from  certaio 
ao-called  "  head  cavities,"  which  appear  at  a  certain  period  of 
development  in  the  mesoderm  of  the  head.     As  has  been  pointed 


IQ.  MS. — (Vrthrum,  with  a  purtiiin  nf  the  spinal  curd,  vii-wud  Tram  the  Tcntntl 
HurfiK'K.  <lu  Ihf  riglil-hHiid  nidi-  Oxii  vvntml  nxiln  an  cut  uff  ithoTt  aad 
tiiniLil  niciliBlwunl.  (AfhT  Kuiliuger  and  Hcnic  fnitn  A.  Bauber's  text- 
biHik. )  /,  trji-tiM  ulfHctoriua ;  //,  tnictus  uiiIh'Uh  ;  ///,  N.  ocalumubiriaa  i 
/r.  N.  litK'lilt'Hris :  r.  N.  triKi-mltiUH,  pi>rti<>  inajnr  rt  uinin  minor:  Vl.  N. 
aNitiiuns:  1'//.  N.  fmialis;  Iff.  S.  inU-rnieiiius:  I7H.  N.  wuiiticuB:  JX. 
S.  lEltDeHipliHryiiRi'iL^  :  A',  N.  vatpiH  ;  XI.  X.  avci-siwrius ;  XII,  S.  hypugloania -, 
Hcl.  S.  vcrt'irHl is  primus. 
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out  in  Chapter  XVIII,  there  is  some  dispute  as  to  the  exact  na- 
ture and  origin  of  these  head  cavities.  Whereas  many  observers, 
and  it  would  seem  the  majority  at  present,  look  upon  them  as  por- 
tions of  myotomes,  others  regard  them  as  corresponding  to  cut- 
off portions  of  the  body  cavity.  According  to  the  former  view, 
the  muscles  of  the  head  and  eyes  would  be  a  part  of  the  general 
skeletal  musculature,  while  according  to  the  second  view  they 
would  represent  portions  of  the  visceral  musculature. 

Assuming  for  the  moment  that  they  are  portions  of  the  skele- 
tal musculature,  and  have  their  origin  in  myotomes,  it  will  be 
interesting  to  refer,  if  only  briefly,  to  the  views  held  with  regard 
to  certain  details  of  their  development.  Most  observers  seem  to 
look  upon  the  ^^  head  cavities  '*  as  corresponding  to  the  ventral 
fields  of  the  myotomes,  the  dorsal  fields  having  disappeared, 
owing  to  the  great  extent  of  the  capsule  of  the  brain,  which,  on 
account  of  its  firmness  and  immobility,  makes  a  dorsal  muscu- 
lature superfluous  (Kollmann). 

The  relations  have  been  perhaps  best  studied  in  the  bony 
fishes  in  which  nine  cephalic  myotomes  are  distinguished,  four 
of  which  are  proximal  or  prootic — that  is,  lying  in  front  of  the 
auditory  vesicle — and  five  distal  or  postotic,  lying  behind  the 
auditory  vesicle.*  Thus  far  the  prootic  cephalic  cavities  have 
not  been  made  out  in  man  or  in  mammals,  although  it  is  not 
impossible  that  traces  of  them  may  yet  be  found.  The  relation 
of  the  individual  muscles  in  man  to  cephalic  myotomes  is  up  to 
the  present  time  largely  a  matter  of  speculation,  but  it  is  believed 
that  the  muscles  supplied  by  the  N.  oculomotorius  are  derived 
from  the  first  prootic  myotome  or  cephalic  cavity  (Fig.  589),  the 
muscles  supplied  by  the  N.  trochlearis  from  the  second  jirootic 
myotome,  and  the  muscles  supplied  by  the  N.  abducens  from  the 
third  mvotome. 

The  fourth  myotome  is  supposed  to  give  rise  to  the  muscles 
of  mastication  (Fig.  590),  the  M.  tensor  tympani  and  the  M.  ten- 
sor veli  palatini,  all  supplied  by  the  mot^^r  part  of  the  \.  tri- 


♦  The  reader  is  referred  to  the  article«  of  ('ntf;onh&nt\  van  Wi|(fie,  Ilabl, 
Reuter,  Harrison. Coming. and  esfieoially  to  lUa  piililicalionH  of  von  Kii\i(ler, 
C,  Die  Entwickelung  ron  Petrorny7/»ri  IManeri.  Arch.  f.  niikr.  Anat.,  lUmn, 
Bd.  XXXV.  (1890),  S.  469-558.— The  DereloprrMrnr.  of  theOanial  N«rvi'H  of 
Vertebrates.  J.  Corap.  Neurol.,  ("incin.,  vol.  i  (\HU\},  p.  240,— And  Sliidiea 
zur  vergleichenden  EntwickeliingHg*j««'hicht«' d<;r  Kraniotcri,  MUnchi'n,  11. 
3, 1895. 
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geminns.  Tt  bae  been  suggested  alao  that  the  M.  mylohyoideua 
and  the  anterior  belly  of  the  M.  digastricus,  on  account  of  their 
in  nervation,  are  also  derived  from  the  fourth  cephalic  cavity. 


KxlTliitt  foiMT. 


nu- 


FlO.  lWn.-Fin(t  cophali 
twnity-Hght  [■riniil 
K..llnuinn'sL.-hrlMi< 
S.  2M.  FiK.  107.) 


M'liL'n.Jena.l)«e, 


The  myotome  corresponding  to  the  N.  facialis  gives  rise  to  the 
whole  musculature  of  the  face,  the  platyama,  the  M.  stapedius, 
the  M.  levator  veli  palatini,  and  the  M.  uvul.t. 

The  ventral  processes  of  the  five  postotic  myotomes  (lying  in 
the  chordal  part  of  the  head)  give  viae  in  the  bony  fishes  and  in 
reptiles  to  the  muscles  of  the  tongue  (P'ig-  -')91).  This  has  not 
been  dofiniUtly  proved  in  man  and  mammals,  but  from  the  be- 
havior of  the  N.  hypoglossus  and  the  relations  of  this  nerve  to 
the  muscles  concerned,  it  seems  likely  that  a  similar  origin  will 
be  found  true  in  them. 

The  N.  accessurius  is  primarily  a  spinal  nerve,  and  the  myo- 
tomes corresponding  to  it  are  myotomes  of  the  trunk,  not  cephalic 
myotomes. 

The  comparative  morphology  of  this  region,  so  important  for 
the  proper  understanding  of  the  problems  of  cephalogenesis,  has 
been  discussed  in  a  recent  paper  by  Furbringer.* 


•  FOrbringi-r.  M.    rplicrdie  spino-otci|iitiilen  N«r 
loocfiljalen  und  iljre  viTgluii^hende  Murphulofpe. 


n  der  Selochier  und 

i't'stschrift  f.  Gegen- 
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The  comparative  morphology  of  tlie  cerebral  nerves  has  been 
carefully  studied,  by  Huxley,  Uegenbaur,  Strong,  Ewart,  Herrick, 
Kingsbury,  Pinkus,  Cole,  -Ailis,  E.  L.  Mark  and  his  associates, 
and  others. 

This  seems  a  suitable  place  to  mention  the  ideas  which  have 
been  developed,  especially  by  American  morphologiats,  concerning 
the  eomponents  of  the  peripheral  nerves.  In  this  connection  the 
researches  of  Strong,  lierrick,"  Shore,  Coie,  Kingsbury.t  Johns- 
ton,! and  others  may  be  referred  to. 


Fio.  590.— Di-velopnitiil  uf  muscU^ 

vrabryii  IH  mm.  lutiK-     (Aftur  KeuU-i 

AvT  Eiitwifki'luiiKHgmchii.-hU-  '      " 

These  investigators  recognize  in  a  typical  spinal  nerve  (in  the 
gnatbostome  vertebrates)  four  different  components: 

(1)  A  somatic  motor  component  originating  in  the  ventral 
horn  cells. 

(2)  A  somatic  sensory  or  general  cntancoiis  component,  the 
axones  terminating  in  tliu  dorsal  born. 

(3)  A  visceral  motor  comiionent. 

(4)  A  visceral  sensory  component.  The  exact  central  rela- 
tions of  the  visceral  components  have  not  yet  been  satisfactorily 
worked  out,  though  tlic  general  opinion  sucms  to  be  that  tlie  sen- 


baur,  lA:ipt.  (18B7),  S.  3.=>l-7i«.  Htrriek  lias  (>ublislie<l  a  full  review  c>f  tliis 
arlidc,  together  wilh  tables  iliuslmting  the  metariierism  of  llic  spinal  ami 
L'crebral  nerves,  in  the  Jr.urrial  «f  Ciim  para  live  Xfiirojug)-.  vol.  vii  {I8IW).  pp. 
25-48. 

•  Herrick.  C.  J.  The  Crariial  Nerves  of  the  H<.ii.v  Fislies.  .1.  Conip. 
Neurol..  (Jraiivillp,  vol.  viii  (18!»8).  pp.  163-170. 

t  Kin)^bnry,  ».  F.  Tlie  Kiioepb.ilie  Kvujiiiistion  in  (iHiioiils.  .1.  Comp. 
Neurol..  Gmnville,  vol.  vii  (1«!»7),  [i.  :iT. 

t  Johi.f.lon.  J.  H.     AtiM.  Am..  Jena.  H.I.  xiv  (IH86).  S.  K-aa. 
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sorj  visceral  fibres  enter  the  cord  by  the  dorsal  root,  the  visceral 
motor  fibres  leave  the  cord  by  the  ventral  root,  in  higher  mam- 
mals, and  by  both  dorsal  und  ventral  roots  in  inframammalinn 


1.  SBI.-Knilirjii  .if  lac 


groups.  Ill  the  s{>itmt  cord  it  is  believed  that  both  sorts  of  fibres 
Hre  rulatcil  to  the  coitimna  iiiUTmedialis  or  region  of  the  comn 
latfmle,  the  raolur  fibres  In  uU  probability  arising  there,  and  the 
sensory  fibres  t<'rniiniitiiig  there. 

llerriok,  in  his  study  of  the  cerebnd  nerves  of  the  bony  fishes, 
statfa  that  in  the  ccrpbral  nerves  these  foiir  components  are  pres- 
lent,  iind  in  iulilition  a  fifth  component,  the  so-called  acnatico- 
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lateral.  The  eomtitic  motor  componeut,  for  ez&mple,  ia  repre* 
eeDted  by  the  motor  nerves  of  the  eye  musclee,  the  aotnatic 
BenBory  or  general  cutaneous  component  by  the  general  eonsory 
fibres  of  the  uervua  trigeininua  and  the  nervug  vagua.     The 
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viscemi  sensory  component  ae  well  as  the  visceral  motor  com- 
ponent is  very  largely  developed,  and,  according  to  Ilerrick,  is 
represented  by  the  communia  system  of  the  nervus  vagus,  nervus 
gloasopkaryngeus,  and  nerviis  faciniis.  The  fibres  of  this  com- 
ponent terminate  either  directly  or  by  mediation  of  the  fasciculus 
communis  in  the  vagal  lobe  which  corres|>on(ls  to  the  nucleus 
alae  cineraoe  of  higher  forms.  The  communia  system  of  the  bead 
itself  ditfers  from  the  corresponding  visceral  sensory  system  of  the 
trunk  in  that  it  receives  libres  from  the  taste  buds  and  from  otiier 
sense  organs  not  belonging  to  the  system  of  the  lateral  line.  By 
the  acustico- lateral  system  is  meant  the  structure  which  receives 
fibres  from  the  ear  and  from  the  organs  of  the  lateral  line,  but 
no  other  tibres.  These  libres  in  the  bony  Hsh  terminate  appar- 
ently together  in  the  tuberenlum  acusticuin.  The  motor  tibres  for 
the  unstripcd  visceral  musculature  pertaining  to  the  cerebral  nerves 
are,  like  those  in  the  spinal  nerves,  very  small,  while  those  for  the 
striated  visceral  musculature  of  the  branchial  arches  and  for  the 
somatic  eye  muscles  are  large.  The  fibres  of  the  ucustico- lateral 
system  are  of  two  aorta ;  those  from  the  organs  of  the  lateral  line 
are  usually  large,  while  the  auditory  fibres  are  of  medium  size. 

The  genefiil  cutaneous  fibres  are  usually  of  small  size  or  of 
medium  size,  while  the  visceral  sensory  system  (or  communia 
system  of  the  head)  consists  of  very  small  fibrca.  In  Fig.  593 
is  reproduced  the  diagram  which  accompanies  Herrick's  article, 
and  which  illustrates  the  relations  of  the  sensory  components 
in  the  cerebral  nerves  of  Menidia. 

The  various  groups  of  motor  neurones  corresponding  to  the 
individual  motor  cerebral  nerves  may  now  be  properly  considered 
somewhat  more  in  detail. 

1.  ThoM  Um  Axonn  of  whiob  belong  to  Um  >.  HfpoglOMU. 
Those  corresponding  to  the  N.  HYi'ociLusHis  have  their  cells 
of  origin  in  the  so-called  nucleus  N.  hypoglossi.  This  consists  of 
a  gray  column  some  eighteen  mm.  long,  from  one  to  two  mm. 
broad,  and  about  one  mm.  in  thickness.  It  corresponds  to  the 
continuation  upward  into  the  medulla  oblongata  of  the  medial 
portion  of  the  ventral  column  of  gray  matter  of  the  spinal  cord. 
Ill  its  lower  jmrt  it  lies  ventral  to  the  central  canal  of  the  medulla 
oblongata.  Above,  the  column  is  thicker  and  is  situated  beneath 
the  Koor  of  the  fourth  ventricle  a<ljaccnt  to  the  sulcus  medianue 
on  either  side.     It  extends  anteriorly  as  far  as  the  region  of  the 
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N.  fiu-ialiii:  I'lll.  iearh. ',  ana  aTeatraniv  of  S.  toKMiiv:  VIIL  < it»rii.  i.  am 
of  ontnni-eirf  N.  viHtil>uli:  IX.  niid  A'.,  arvHiirciitraiii^of  N.  RliHnpliaryii- 
■censet  vugnNi  XL.  an«  i>r  ciit  iif  N.  aci'^HHiiriuii :  Xil..  ann  irf"  exit  iiT  N. 
DypuKliMMlHl.Vii.N./f/.,  nilduUH  N.  irulu-uiubiTii :  .Vh.h./I'.,  iluclclM  N.  tnicb- 
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cUmik  X. nlidnFcntii' :  A'N.n.  17/.,  nunlttiHN'.fiK'riiMiiiA'H.a.,  nuFleaaaRibliniuii: 
A'a-o-f^..  nuFlcuHAlH^i-incnie:  .VH.n.r.H..  iiavleoH  K.vfstilHili  mrdialii ;  XK.H.r.t.. 
niiulfusN.  vwliliiilixupcriiir.VH.a.r.r..  iiucIeaiiN.viiitlliulilaU-MlfHilMtpnj; 
A'H.N.r.(i..nurli'iiii  N.nHrhliwilulmliK :  .Vn.ii.c.r,.  nurlriiH  X.  nirhh«  wntiwlli ; 
Ku-H-XIL,  nui-lciMN.  hyiKMcloHii ;  ff.if.n.(.,iai1ix  (k'sii'nildiiiiiiHiwni'cpIialini 
K.  trlsnlnini :  S.d.a.r..  nullx  ilnnviiileDH  N.  vtwtibuli :  Ka..  milMtaQtU  gvIMi- 
nua:  7,  •ol.,  tnu'tiw  iii>litaTiiiH ;  TV.i.n.t..  tractiix  ii[HnaliK  N.  trisvliiini ;  t'fiiL, 
vuiitral  linm  relk.  The  nuiuberH  hi  the  lprt<irthe  ilnkvrJnK  inilii«tt<  appnixi- 
maltily  tlie  lev<>lg  uf  thi>  cumiipuii<1ing  tranavune  en'tiiilu  rcprcwiiteil  bj 
FiiiK.  SOS  u>  317. 
The  plane  uf  tin-  B(«tjini]i  (him  which  thiH  iliaKinm  ivas  made  in  nut  ifuite  tnins- 
vcm;  but  wiinvwhat  i)bliqU(>:  the  ilonul  BUrfHii'  of  (he  niedullu  luut  bcvn 
Btruck  by  tht-  knirv  mure  cvTvbmlwanl  than  tbi'  vrutral  HuHiUT.  the  anitte 
fumxil  by  tlic  plane  of  the  w-rtiun  nrith  the  hniRitiKiiiml  azin  lii'inR  apprnii- 
mately  ai-vriity  iliiptTii,  hh  nu^Hunil  im  thu  n'rchnil  nidi;.  Thbi  uiiiiiinls  fur 
the  vtiilitit  inliKht)  diaplacement  cerebral  want  uf  tlic  Htnii'turui  iu  the  ven- 
tral purtiuiM  uf  thi:  iwrtiuDK  aa  cumpaivil  with  thuso  in  the  durwl  purtlonH. 
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striae  medullares.  It  is  separated  from  the  floor  of  the  fourth 
ventricle  by  some  gray  matter  which  corresponds  to  the  general 
stratum  griseum  centrale.  In  this  are  a  number  of  line  white 
fibres  which  give  the  opaque  whitish  appearance  on  the  surface  of 
the  trigonum  X.  hypoglossi.  Posteriorly,  as  is  seen  from  Fig.  593, 
the  nucleus  N.  hypoglossi  is  overlapped  by  the  nucleus  alae  cinerea;. 

The  more  or  less  spherical  mass  of  small  ganglion  cells  lying 
ventral  to  the  nucleus  N.  hypoglossi  is  the  so-called  small-celled 
hypoglossal  nucleus  of  Roller.  It  probably,  however,  has  no  direct 
connection  with  the  N.  hypoglossus.  The  group  of  small  cells 
lying  just  medial  to  the  hypoglossal  nucleus  in  its  upper  half 
continues  with  a  mass  of  cells  running  longitudinally ;  in  the  floor 
of  the  fourth  ventricle  is  the  so-called  nucleus  funiculi  teretis. 
On  its  lateral  side  and  between  it  and  the  nucleus  alaj  cinereae  is 
situated  an  anterior  group  of  small  nerve  cells,  the  nucleo  inter- 
calato  of  Staderini. 

The  cells  in  the  nucleus  N.  hypoglossi  are  typical  motor  cells. 
Their  axones  pass  ventralward  and  slightly  lateralward  and — 
partly  after  perforating  the  medial  accessory  olive,  and  even  por- 
tions of  the  nucleus  olivaris  inferior,  partly  by  passing  between 
the  nucleus  olivaris  inferior  and  the  medial  accessory  olive — arrive 
on  the  surface  of  the  medulla  oblongata  in  the  sulcus  lateralis  ven- 
tralis,  apj)earing  in  the  form  of  from  ten  to  fifteen  fila  radicularia. 
A  few  fibres  may  pass  from  the  nucleus  of  one  side  througli  the 
raphe  into  the  nerve  of  the  opposite  side;  but  this  is  disputed. 

The  fibres  are  coarse  and  much  branched,  and,  according  to 
van  Gehuchten  and  Riimon  y  Cajal,  may  extend  even  as  far  as  the 
nucleus  of  the  other  side  so  as  to  form  a  definite  protoplasmic 
commissure. 

The  nucleus  X.  hypoglossi  receives  from  its  lateral  and  ventral 
surfaces  an  enormous  number  of  collaterals  and  terminals,  part  of 
which  are  sensory,  while  part,  in  all  probability,  represent  fibrils 
coming  from  axones  higher  up  in  the  nervous  system  (possibly 
fibres  of  the  pyramidjil  tract).  The  sensory  fibres  appear  to 
have  their  origin  from  the  axones  of  cerebral  sensory  neurones 
both  of  the  first  order  and  of  the  second  order  (Fig.  594). 

In  the  embryo  the  X.  hypoglossus,  like  the  spinal  nerves,  is 
provided  with  a  dorsal  sensory  root  and  sensory  ganglion,  or  occa- 
sionally with  dorsal  sensory  roots  and  sensory  ganglia.  We  have 
seen  that  the  X.  hypoglossus  corresponds  apparently  to  at  least 
five  neurotomes,  since  it  innervates  muscles  derived  from  no  less 
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than  five  myotomes.  Thus  far,  however,  only  two  sensory  gan- 
glia and  dorsal  hypoglossal  roots  have  been  observed  in  higher 
animals  (in  the  cat  by  P.  Martin);  in  raau  a  single  hypoglossal 
ganglion  (Froriep)  has  occasionally  been  observed,  hut  only  rarely. 


tl  e    ove    of  thp  nu    ru        n  ml  h        ^rt       S    Ran    n  y  (^a),  Bt'ltrag 
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The  npper  motor  neurones  br  ng  ng  tl  e  nucleus  nervi  hypo- 
glossi  under  the  influence  of  the  pall  m  w  11  be  descr  bed  further 
on.  The  nucleus  N.  hypogloss  s  of  our«e  of  especial  clinical 
interest  on  account  of  its  connection  with  disturbances  ot  speech. 

3.  ThoM  Um  Axonw  of  wUoh  belong  to  the  H.  AoosMoriiu. 
The  lower  motor  neurones  corresponding  to  the  X.  accesso- 
RICB  are  usually  described  as  being  partly  spinal,  partly  cerebral, 
in  origin. 
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Embryological  atudiea  warrant  the  conclusion  that  originally 
the  nervus  accessoriiis  ie  distinctly  a  spinal  nerve,  its  cerebral 
connections  being  made  only  secondarily.  This  is  proved  not 
only  by  investigations  on  its  nucleus  of  origin  inside  the  centra) 
nervous  system,  but  also  by  the  fact  that  it  innervates  muscles 
which  httve  their  origin  in  myotomes  belonging  to  the  trunk. 
Rudimentitry  ganglia  have  been  observed  upon  it  by  Chiarugi. 

The  so-called  cerebral  part  of  the  N.  accessorius  in  all  proba- 
bility belongs  to  the  N.  vagus. 


Fia.  5B5.— Trans     rsi  h 
bom  hal><>  u   J  n 
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In  the  spinal  cord  the  cell  bodies  of  the  neurones  pertaining 
to  the  N.  accessorius  are  situated  in  the  lateral  horn,  where  they 
form  a  part  of  the  so-called  <coliinina  intrrmedio- lateral  is.  The 
nucleus  is  usnally  described  as  beginning  at  the  level  of  origin  of 
the  fifth  cervical  nerve,  and  extending  as  far  as  the  junctiou  of 
the  lower  with  the  middle  third  ot  the  nucleus  olivaris  inferior 
of  the  oblongata.  The  mcdullatcd  axones  arising  from  these  cell 
bodies  pass  lateralward  with  a  sharp  bend  to  find  their  exit  from 
the  sulcus  lateralis  of  the  cervical  cord  (Fig.  595).  Von  Kolliker 
distinguishes  sharply  between  the  spinal  portion  of  the  N.  acces- 
sorius and  the  cerebral  portion.  All  those  root  bundles  finding 
exit  ventral  from  the  tractus  spinalis  nervi  trigemini  he  classes 
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with  the  spinal  part,  but  all  root  bundles  situated  higher  up  or 
passing  through  the  tractus  spinalis  nervi  trigeroini  he  speaks  of 
as  being  accessory  to  the  nervus  vagus. 

S.  Thou  the  Azobm  of  whieh  belong  to  tho  H.  Yagui  and  H.  OloMopharyngeiu. 

The  lower  motor  neurones  corresponding  to  the  N.  vagus 
and  the  N.  glossopharynoeus  possess  axones  which  arise  from 
the  cell  bodies  situated  in  the  nucleus  ambiguus  and  possibly  in 
other  masses  of  gray  matter  in  the  medulla  oblongata.  This 
nucleus  ambiguus  lies  dorsalward  from  the  nucleus  olivaris  acces- 
sorius  dorsalis,  medial  to  the  tractus  spinalis  nervi  trigemini,  in 
the  formatio  reticularis.  It  is  difficult  to  make  out  in  ordinary 
Weigert  preparations,  but  is  beautifully  demonstrable  in  Nissl 
preparations,  where  it  is  seen  to  consist  of  a  group  of  typical 
multipolar  stichochrome  motor  cells.  The  nucleus  ambiguus 
extends  a  little  more  anteriorly  than  does  the  nucleus  nervi 
hypoglossi.  The  axones  from  the  cells  situated  in  the  nucleus 
do  not  form  a  compact  bundle,  but  pass  out  as  separate  fibres 
from  the  cells  in  a  dorsal  direction  in  order  to  reach  the  plane  in 
which  are  situated  the  entering  axones  of  the  peripheral  sensory 
neurones  of  the  N.  vagus  and  the  N.  glossopharyngeus.  Then 
they  turn  sharply  lateralward  and  ventralward  to  pass  out  of  the 
medulla  oblongata  at  the  sulcus  lateralis  dorsalis  in  common 
with  the  entering  sensory  portions  of  the  nerve.  In  the  nucleus 
ambiguus  terminate  a  number  of  fine  medullated  axones  and 
collaterals  which  correspond  to  (1)  fibres  from  the  cerebral  sen- 
sory neurones  and  (2)  fibres  from  motor  neurones  which  throw 
the  nucleus  ambiguus  under  the  influence  of  higher  centres. 

The  nucleus  ambiguus  corresponds  to  the  lateral  horn  of  the 
spinal  cord.  The  N.  vagus  and  N.  glossopharyngeus  are  typical 
branchial  arch  nerves,  but  their  exact  neurotome  relations  are 
still  obscure. 

4.  ThoM  the  Axones  of  whieh  belong  to  the  H.  Faoialii. 

The  lower  motor  neurones  corresponding  to  the  N.  facialis 
have  their  cells  of  origin  in  the  nucleus  nervi  facialis,  which  is 
situated  in  the  pars  dorsalis  pontis  just  anterior  to  the  junction 
of  the  medulla  oblongata  with  the  pons.  This  nucleus  corre- 
sponds to  the  columna  intermedio-lateralis  of  the  spinal  cord.  It 
is  essentially  the  nerve  of  the  hyoid  arch — the  same  arch  which 
in  the  embryo  yields  a  part  of  the  hyoid  bone,  the  styloid  process, 
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the  stylohyoid  muscle,  the  posterior  belly  of  the  digastric  muscle^ 
the  small  muscles  of  the  ear,  the  whole  of  the  muscles  of  the 
face,  the  platysma,  etc.  Au  uuusual  interest  pertains  to  the  neu- 
rones corresponding  to  the  N.  facialis,  since  it  is  they  that  govern 
the  muscles  of  facial  expression.  The  cell  bodies  of  the  neu- 
rones here  concerned  are  typical  multipolar  stichochrome  motor 
cells,  easily  recognizable  as  a  large  group  (Fig.  59G)  in  the  formatio 
reticularis  medial  from  the  tractus  spinalis  nervi  trigemini  and 
dorsal  from  the  corpus  trapezoideum.  The  medullated  axones 
from  the  cells  of  this  nucleus  pass  as  separate  fibres  (not  in  a 
compact  bundle)  dorsalward  and  somewhat  medialward  {pars 
prima)  toward  the  floor  of  the  fourth  ventricle.  They  then 
bend  and  run  anteriorly  along  the  floor  of  the  fourth  ventricle 
dorsal  and  medial  to  the  nucleus  nervi  abducentis,  and  then 
again  turn  lateralward  to  plunge  ventro-laterally  in  the  form  of  a 
compact  bundle  (pars  nfcu/nia)  to  their  place  of  exit  from  the 
rhombencephalon,  passing  between  the  nucleus  olivaris  superior 
and  the  tractus  spinalis  nervi  trigemini.  The  double  bend  be- 
neath the  floor  of  the  fourth  ventricle  is  known  as  the  ffenu 
nervi  facialis. 

It  would  appear  that  a  certain  number  of  the  root  fibres  of 
the  nervus  facialis  of  each  side  have  their  origin  in  the  nucleus 
nervi  facialis  of  the  opposite  side,  the  decussation  taking  place  in 
the  raphe  dorsal  to  the  fasciculus  longitudinalis  medialis  (Stieda^ 
Obersteiner,  Cramer).  In  the  nucleus  nervi  facialis  terminate 
many  axones  and  collaterals  from  cerebral  sensory  neurones  of 
the  first  and  probably  of  higher  orders,  and  also  axones  and  col- 
laterals, throwing  the  nucleus  under  the  influence  of  motor  neu- 
rones, the  cell  bodies  of  which  are  situated  higher  up  in  the  cen- 
tral nervous  svstem. 

It  is  customary  to  speak  of  a  "  lower  facial"  and  an  "upper 
facial  "  nerve.  The  so-called  "  upper  facial  "  is  the  part  which 
innervates  the  M.  frontalis  and  the  M.  orbicularis  oculi;  the 
"  lower  facial "  innervates  all  the  other  muscles  which  receive 
their  nerve  supply  from  the  N.  facialis.  The  principal  litera- 
ture on  this  topic  is  referred  to  in  an  article  by  Bregmann.*  In 
certain  paralyses  the  muscles  innervated  by  the  *'  lower  facial  '* 
may  be  paralyzed,  those  innervated  by  the  "  upj>er  facial "  being 


♦  Hroptmnn,  L.  E.     Uober  Diplegia  facialis.    Neurol.  Centralb.,  Leipz... 
B<1.  XV  (181)6),  S.242-24«. 
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scarcely,  if  at  all,  affected  (so-called  supranuclear  paralysis).  In 
other  forms  of  paralysis  all  of  the  muscles  innervated  by  the  N. 
facialis  may  be  equally  paralyzed — as,  for  example,  from  a  lesion 
involving  the  N.  facialis  at  its  exit  from  the  rhombencephalon. 
All  attempts  made  to  locate  separate  groups  of  lower  motor 
neurones  corresponding  to  the  "  upper  facial "  and  "  lower  facial " 
have  thus  far  been  unsuccessful,  though,  as  we  shall  see,  in  the 
cerebral  cortex  these  two  functional  groups  are  separately  repre- 
sented. 

6.  ThoM  the  Azones  of  which  belong  to  the  H.  Abdnoeni. 

The  lower  motor  neurones  corresponding  to  the  N.  abducens 
have  their  cell  bodies  and  dendrites  situated  in  the  nucleus  nervi 
abducentis  in  the  pars  dorsalis  pontis.  This  nucleus,  more  or 
less  spherical  in  shape,  lies  close  beneath  the  floor  of  the  fourth 
ventricle,  being  partly  surrounded  by  the  genu  nervi  facialis. 
The  cells  and  their  dendrites  have  all  the  characteristics  which 
we  have  seen  so  often  in  other  groups  of  lower  motor  neurones. 
The  medullated  axones  pass  ventral  ward  and  slightly  spinal- 
ward,  plunging  through  the  formatio  reticularis  and  corpus 
trapezoideum  medial  to  the  nucleus  olivaris  superior.  Then 
plunging  farther  through  the  pars  basilaris  pontis,  they  make 
their  exit  from  the  rhombencephalon  just  a  little  anterior  to  the 
junction  of  the  medulla  oblongata  and  pons  in  the  form  of  from 
fifteen  to  eighteen  fila  radicularia.  In  leaving  the  nucleus  the 
axones  go,  in  the  main,  from  its  dorso-medial  border.  Accord- 
ing to  van  Gehuchten,  who  has  studied  the  chick  thoroughly 
with  Golgi's  method,  a  certain  number  of  fibres  of  the  N.  abdu- 
cens on  each  side  arise  from  cells  close  to  the  nucleus  nervi 
facialis.  The  axones  bend  around  and  join  the  main  bundles  of 
fibres  from  the  principal  nucleus.  This  accessory  mass  of  cells, 
which  has  also  been  seen  by  Lugaro,  is  referred  to  by  van 
Gehuchten  as  the  "ventral  nucleus  of  the  sixth  nerve." 

In  the  nucleus  nervi  abducentis  terminate  axones  and  col- 
laterals from  various  sources :  (1)  from  the  peripheral  cerebral 
sensory  neurones ;  {2)  from  the  cerebral  motor  paths ;  (3)  from 
the  nucleus  olivaris  superior  (cf.  auditory  neurones  of  the  second 
and  higher  orders) ;  and,  especially,  (4)  from  the  fasciculus  longi- 
tudinal is  medialis.  Bv  means  of  the  collaterals  from  the  latter 
bundle  the  nucleus  nervi  abducentis  is  in  all  probability  brought 
under  the  influence  of  the  superior  colliculus  of  the  corpora 
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quadrigemina,  and  the  innervation  of  the  rectus  lateralis  muscle 
of  the  eve  is  such  as  to  lead  to  movements  co-ordinated  with 
those  of  the  other  eye  muscles  (especially  the  rectus  medialis) 
which  are  innervated  by  the  nervus  oculomotorius  and  the  ner- 
vus  trochlearis. 

6.  Those  the  Azonet  of  whioh  belong  to  the  H.  Trigeminiu. 

The  lower  motor  neurones  corresponding  to  the  motor  part 
of  the  N.  TRIGEMINUS  may  be  divided  into  two  groups:  (1) 
those  having  their  cell  bodies  of  origin  in  the  nucleus  motorius 
prince ps  nervi  trigemini,  and  (2)  those  having  their  cell  bodies 
of  origin  in  the  nuclei  motorii  minores  nervi  trigemini. 

The  nucleus  motorius  princeps  nervi  trigemini  {noyau  mastica' 
t&ur  of  the  French  authors)  is  situated  in  the  pars  dorsalis  pontis 
just  a  little  anterior  to  the  nucleus  nervi  facialis  and  the  nucleus 
nervi  abducentis  (Fig.  597).  It  lies  medial  to  the  main  mass  of 
axones  of  the  peripheral  sensory  neurones  of  the  trigeminus  as 
they  plunge  into  the  pars  dorsalis  pontis.  The  nucleus  is  a  large 
one,  and  in  Nissl  preparations  it  is  seen,  like  the  other  motor 
nuclei  of  the  rhombencephalon  and  of  the  spinal  cord,  to  contain 
a  large  number  of  typical  multipolar  stichochrome  motor  cells. 
The  medullated  axones  of  these  cells,  joined  by  the  medullated 
axones  of  the  nuclei  motorii  minores  nervi  trigemini,  to  be  pres- 
ently described,  form  the  motor  portion  of  the  nervus  trigeminus 
(Fig.  598).  The  motor  root  fibres  easily  distinguishable  from  the 
entering  sensory  axones  pass  obliquely  out  of  the  pons  to  become 
distributed  entirely  through  the  nervus  mandibularis  (Fig.  599), 
or  third  portion  of  the  nervus  trigeminus,  to  the  muscles  of 
mastication.  A  certain  number  of  axones  from  the  cells  of  the 
dorsal  motor  nucleus  of  one  side  pass  to  the  motor  portion  of 
the  nervus  trigeminus  of  the  opposite  side  (Obersteiner,  Ed- 
inger,  Bruce),  the  decussation  taking  place  in  the  dorsal  part 
of  the  pars  dorsalis  pontis. 

In  among  the  cell  bodies  and  dendrites  of  the  principal  mo- 
tor nucleus  of  the  nervus  trigeminus  terminate  many  axones  and 
collaterals  (1)  from  the  cerebral  sensory  neurones  of  the  first 
and  of  higher  orders,  and  (2)  doubtless  from  the  upper  motor 
neurones. 

The  nuclei  motorii  minores  nervi  trigemini  contain  the  cell 

bodies  and  dendrites  of  the  neurones,  the  axones  of  which  form 

the  radix    descendens   (mesencephalica)    nervi   trigemini.     The 
61 
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cells  which  form  these  nuclei  are  vesicular  rather  than  stellate ; 
their  dendrites  are  rudimentary  (Lugaro,  Ram6n  y  Cajal).  Their 
axones  descend,  giving  off  many  collaterals  on  the  way,  some  of 
vbich  always  enter  the  nucleus  motorius  princops  nervi  trigemini. 
The  cells,  as  described  by  Ramun  y  Cajal,  form  a  column  which, 
descending  from  the  region  of  the  corpora  quadrigemina,  passes 
obliquely  over  the  brachium  conjunct! v urn,  growing  larger  in  size 
as  the  nncleuB  princeps  is  approached.  The  anooes  of  these  cells 
are  of  large  calibre  at  their  origin,  and,  gradually  growing  more 
delicate,  run  along  with  those  of  other  cells  in  a  curved  longi- 

Radix  drKendttti  .V.  rrilibuU, 


tadinal  bundle,  which  increases  in  volume  as  it  descends  (radix 
deacendenB).  Before  the  axoncs  of  the  descending  roots  reach 
the  nucleus  princeps  they  undergo  a  plexiform  arrangement, 
whereby  they  are  distributed  between  groups  of  spherical  cells, 
and  finally  the  bundles  of  the  descending  root  become  mixed  up 
with  the  cells  of  the  nucleus  princeps  (Fig.  fiOO).  Ramoti  y  Cajal 
states  that  the  extremely  complex  plexus  of  fibrils  among  the 
cells  of  the  nucleus  princeps  arises  almost  exclusively  from  the 
terminals  of  collaterals  given  olf  by  the  fibres  of  the  descending 
root.  He  suggests  that  these  collaterals  may  be  of  the  greatest 
physiological  importance,  and  suggests  that  the  absolute  coinci- 
dence in  point  of  time  of  the  movements  of  the  masticatory  mus- 
cles might  be  explained  by  the  view  that  the  voluntary  excitation 
received  by  the  nuclei  minores  is  transferred  by  means  of  these 
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collaterals  to  the  nerve  cells  of  these  nuclei  as  well  as  of  the 
nucleus  princeps.  He  thinks  that  these  and  other  examples  make 
it  seem  likely  that  the  collaterals  of  the  motor  roots,  and  perhaps 
those  of  every  aione,  have  the  function  of  distributing  the  eici- 
tation  received  from  a  sinRle  cell,  or  from  a  small  number  o( 
cells,  among  all  the  cells  of  the  same  nucleus  or  in  a  group  of 
similar  cell  elements  situated  in  diSerent  regions  of  the  gray 
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FlO.  SBB.— «.'h«W  Hhowlnii  the  moliir  hii<1  neiiMiiy  ncuniiim,  the  aznniviir  whlrh 
tiilrr  Into  the  fornuilluii  of  the  N,  Iriiteiniiiiiii.  (Artcr  A.  vnii  lli'liurhti^, 
Anitiiluluilniiiytitfiiuini-TTi'Uidcl'honiiui',  I^uiiiiiii,  IW)T,  p.  M3.  FIk.  3M.) 
r;.  t,  f>'..  naniilinn  Hrmllunare  (lann'ri  :  .Vii.  m.  m.  n.  I'..  nnrlH  miilimj  minoTra 
nervi  tTigmiiDi ;  .Vn.  n.  pr.  n.  >'.,  niK'li'int  niiitoriuH  urinri-pf  ncrvi  trijiFinini ; 
Had.  i/fM".  mn.  n.  1'.,  railix  dcwinilcds  [mi-wtin-phiilits]  nervi  triBi-miiii :  I>. 
ip.  u.  r.,  tnu'tuB  Hpiiulis  nervj  triici-niini. 


substance.  Accordingly,  the  nervous  excitation,  feeble  in  the  be- 
ginning as  it  cornea  out  from  one  lell,  would,  in  proportion  to  the 
number  of  neurones  intercalated,  grow  and  attain  to  its  greatest 
elTcct  at  the  beginning  of  the  exit  of  the  motor  root  If  the 
stimulus  of  the  voluntary  excitation  is  transferred  exclusively  to 
one  muscle  or  one  group  of  muscle  bundles,  then  the  collaterals 
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of  the  motor  roots  are  either  only  moderately  developed  or  en- 
tirely absent,  as  is  seen  in  the  nucleus  nervi  hypoglossi  and  in  the 
nucleus  nervi  oculomotorii.  In  these  cases,  according  to  Ramon 
y  Cajal,  the  number  of  cells  associated  with  the  motor  impulse 
will  depend  upon  the  number  of  fibres  of  the  pyramidal  tract 
received  by  the  motor  nucleus,  or  perhaps  upon  the  distribution 
of  the  end  branchings  of  such  fibres. 

Merkel's  view  that  the  radix  descendens  nervi  trigemini  rep- 
resents a  trophic  root  has  not  been  confirmed  by  other  investi- 
gators. 

7.  ThoM  the  AxonM  of  which  belong  to  the  H.  Troehlearii. 

The  lower  motor  neurones,  corresponding  to  the  N.  troch- 
lea uis,  or  fourth  cerebral  nerve,  may  next  be  described.  The 
cell  bodies  and  dendrites  of  these  neurones  form  the  so-called 
nucleus  nervi  trochlearis,  which  is  to  be  seen  in  sections  pass- 
ing through  the  isthmus  rhombencephali  and  inferior  colliculus 
(Fig.  601). 

The  cells  are  typical  multipolar  stichochrome  motor  cells,  and 
the  nucleus  forms  a  spherical  nodule,  which  lies  ventral  to  the 
aqueduct  of  Sylvius  in  a  trough  on  the  dorsal  surface  of  the  fas- 
ciculus longitudinal  is  medialis,  somewhat  posterior  to  the  spinal 
extremity  of  the  nucleus  nervi  oculo-motorii.  In  Weigert  prepa- 
rations many  fine  medullated  axones  can  be  seen  passing  from 
the  region  of  the  fasciculus  longitudinalis  medialis  into  the  nu- 
cleus nervi  trochlearis.  Through  these,  in  all  probability,  the 
activities  of  the  nucleus  nervi  trochlearis  are  co-ordinated  with 
those  of  the  other  eye-muscle  nuclei.  It  is  likely  that  the  nucleus 
also  receives  axones  and  collaterals  from  peripheral  cerebral  sen- 
sory neurones  and  from  neurones  which  throw  this  nucleus  under 
the  influence  of  the  pallium. 

The  medullated  axones  from  the  cells  of  the  nucleus  nervi 
trochlearis  pass  out  of  the  nucleus  mainly  from  its  dorsal  and 
lateral  surfaces.  They  curve  lateralward  and  dorsalward  through 
the  stratum  griseum  centrale  until  they  reach  the  level  of  the 
radix  descendens  nervi  trigemini,  when  they  make  a  tolerably 
sharp  turn  spinalward  and  run  for  a  short  distance  longitudinally 
backward,  so  that  in  transverse  section  the  root  bundle,  or  some- 
times two  or  three  root  bundles,  are  met  with  in  cross  section  on 
each  side.  Having  reached  the  level  of  the  velum  medullare  ante- 
rius,  the  fibres  turn  sharply  medial  ward  and  dorsalward  to  undergo 
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Fi(}.  601. — Horizontal  He<*tion  throiifi^h  th<*  medulla,  pons,  and  midbrain  <»f  a  new- 
bom  bu)M>.  \Wi^ortrI\il  sUiiniuf;.  Ix'vrl  of  nucleus  ncrv'i  <M'uIoniot<>rii  and 
nucIeuK  norvi  tnx'hlearis.  (SerifM  iii,  w^ction  No.  1(K). »  .>! 9.  rrr..  aqueductua 
cerebri ;  Br.  wmj.,  bnu'hium  eonjunetivum  ;  (\p.,  c^mimiNKum  posterior  cere- 
bri;  (\  Hecht.,  commissure  Ix'tween  B<M"hterew's  nuclei  of  tbe  two  nidt's;  (\r,, 
corpus  n'stiforme  ;  F.l.m.,  fasciculus  lout^itudinalis  medialis ;  F.r.  to  F.r..  fihrvK 
from  fasciculus  cuneatus  to  formatio  ri'ticularis ;  Fih.  arc.  int.,  librw  arcuaUe 
internie  ;  K  rir,  fasi*.  cuneatus ;  fV.a..  formati(»  reticularis  allia  :  Mat.V.,nu\\x 
motorius  N.  triKcmini ;  X 17.,  radix  N.  al)ducentis  ;  S.  iv»j»/.,  radix  N.  vwtib- 
uli ;  y.VII.ic),  radix  X.  facialis,  imrs  secunda ;  y.  IXandX,  radices  Nn. 
gl(Mwopharyngei  et  vagi;  X.XII,  radix  N.  hypo^loHsi :  Xn.cji.imK  nucleua 
centralis  supitrior,  imrs  medialis;  A'ti.c,x.(/),  nucleus  centralis suix'rior.  ^ra 
latx'ralis ;  Xu.LL,  nucleus  lemnisci  lateralis ;  Nu.fji.,  nucleus  lateralis  superior ; 
Nu.n.IIL,  nucleus  N.  (K'ubmiotorii ;  Xu.n.lV.^  nucleus  N.  tnichlearis ;  I.^., 
lemniscus  superior;  Xu.f.g.,  nucleus  funiculi  gracilis;  iVa.M.r.r..  nucleus  N. 
cochleie  ventralis;  Xn.n.VII.  nucleus  N.  facialis;  K^y..  sulistantia  fcelatinoHa ; 
Ht.i.l.,  stratum  intenklivare  lemnisci;  tSrit. T.,  radix  sensorius  N.  tri|C(*niiiii ; 
St.g.c,  stratum  griseum  ceutrale ;  Sub.  gel.,  sul^tantia  gelatinosa  near  en- 
trance of  sensory  iNirt  of  N.  trigeminus;  Tr.».n.t.,  tnictus  spinalis  N.  trigeni- 
ini ;  Tr.fr.uu.I).,  tract  from  Deiters'  nucleus  to  the  spinal  conl.  (Preparatiun 
by  Dr.  John  IIewets<m. ) 
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decussHtioD  in  the  substance  of  the  velum  (Fig.  602).  It  is  believed 
that  this  decussatio  nervorum  trochleariuni  is  complete,  and  that 
no  fibres  enter  the  nervtis  trochlearis  from  the  nucleus  of  the  Bame 
side.  Immediately  after  the  decussation  the  root  bundles  make 
their  exit  from  the  dorsal  surface  of  the  nervous  system  at  the 


Fl«.  ant.— Tnnsvt'nt'  nn'tiiin  through  itAhmaii  tli<imhriKfphali  nf  ncwhom 
tttlM'.  (^Vl■i)R'^t-[^ll,  serv-*  ii.  wvlioii  N'li.  368.)  Br.niij..  brarhium  iiin- 
Juiicliviini :   f'.i.,  colliruliis  inrvrior:   y.  nucleus  dpsrritiii)  )>y  Wcstphal  a» 

KnihtUv  nrat-vnHil  in  thi-  orittiu  "f  IIh'  S.  tnirhUiiri« :  F.l.m..  ruxciculus 
iiijcidiaiiuliii  iDMlialis:  f.J^..  Aturkuli  loiiRiradiiiBli-s  [pirramidiileii] :  I..I., 
Itmiiiw'UH  lati-ntlb:  /..■„  U'liiniM-iiM  mi-duliii:  .V.fl'.,  divunsatin  nervorum 


K-hleurium;    .V.  F'.,   X.  tnict'niinns: 

\-i.U..  miHeUi.   k-Diiii«-i    iHlcnli 

a.r.l..  nni-leuH  retuiitertH  tettmciiti  imii 

li. :  R.rf-  r-..  railli  d™c.-nde..s  [me* 

phulim]  iwrvi  triicvinini.    <  PrFimraci' 

1  by  Dr.  John  HcwcIroii.  < 

lateral  border  of  the  velum  meduUare  anterius,  lateral  from  the 
frenulum  veli  medullaris  anterioris,  close  buliind  the  lamina  rjiiad- 
rigemiua.  There  is  often  asymmetry  of  the  root  bundles  on  the 
two  sides;  whereas  the  nerve  of  one  side  may  go  ont  in  the  form 
of  a  compact  bundle,  the  root  fibres  on  the  other  side  may  form 
two  or  more  well-aeparnte<l  bundles  (fila  radicniaria).  Those  bun- 
dles, however,  unite  almost  imniediately  to  form  a  common  nerve 
trunk.  The  nervus  trochlearis  passes  into  the  porns  troehlearia 
of  the  dura  mater,  runs  through  a  small  dnral  cunul  alongside  of 
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the  N.  ophtbalmicus  to  the  fissura  orbitalis  superior.  Having 
arrived  in  the  orbit,  it  passes  across  the  origin  of  tlie  M.  levator 
palpebrie  superioris  to  the  M.  obliquus  oculi  superior,  into  which 
it  enters  in  order  to  innervate  it.  It  is  estimated  that  in  the  \. 
trochlearis  there  are  Bome  twelve  hundred  nerve  fibres. 

S.  Thew  Uw  AzoMt  of  which  btlon;  to  tha  H.  OeUomrtoriu. 

The  lower  motor  neurones  corresponding  to  the  N.  OCULO- 
MOTORIL^B,  or  third  cerebral  nerve,  poBsesa  cell  bodies  and  den- 
drites which  are  situated  in  the  nucleus  nervi  oculomotorii.  This 
nucleus  is  located  in  the  mesencepbalon,  in  sections  taken 
through  the  pedunculus  cerebri  it  is  seen  to  occupy  a  position 
in  the  tegmentum  ventral  to  the  aqueductus  cerebri  and  to  the 
stratum  grisenm  centrale  which  lies  beneath  the  aqueduct.     It 


Fig.  603.— Transverec  seclioii  thri>_„ 

pom  iiuadrigpmina  Hinl  ccn-hnil  peiliiiii'lf  uf  lU'wlioni  miix'.  <  n  riKi'ri-i m, 
iwripn  ii.  HN'tinn  N'o.  3M.)  Ag.tfr..  aquoductu*  cerehri;  (W/.nnp..  iDlhrului! 
niperior :  />.(..  (liTUiwatio  teitnipnti  diinalis  i  foMtainrarligr  llaHbtHhrrHCHKg  at 
Mi-yiHTtl:  F.l.ta..  f»9iiiulii«  liniKitndlnHliii  mrdiHlb:  F.Ps..  fimi-inill  iiyr»- 
midalm  in  the  haHiH  iR-dunnili :  f.r.l  Jtf).  flurkuliw  rctn*fliti«  Mrym-rti; 
/,.*..  IcmniivUK  HH'dlalis;  Xh.FJ.k..  itu<'li>nH  liwiruli  limirttiidiiialta  nicdl- 
aliHoniudcU!)  riimniiiMin-  paKtcri<irii>  i«AFr>-r  OrKtimotoriutkem  uf  narkiirhi-- 
witiB'h':    Xh.h. Ifr.  iiurl>'U»  X.  iituliniiiit'irii :    .\u,r..  niirlcUH  nibiT:   S.lll, 

RriHeum  (vntralc :  'k.h.',  Milwbintiii  uigm  :  «■  Ti-Rian  nf  ^■1^■c■llHiK■s  'Fi-ffhlrifi : 
$.  t^nipiro-nrcipitnl  trart  hi  pmis:  t-  fnailal  tni<l  fmiii  ixllitiin  I"  I"iiiS. 
<Pn>|i«™tion  hy  l>r.  John  HvwrtMni.' 

is  situated  just  dorsal  to  the  fasciculus  Jongitudinalis  medialis 
on  each  side  (Fig.  603).    Hince  the  aqueductus  cerebri  is  here  di- 
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rected  obliquely,  the  long  axis  of  the  nucleus  uervi  oculomotorii  is 
inclined  at  an  angle  to  a  line  drawn  parallel  to  the  long  axis  of 
the  fourth  ventricle  {vide  supra). 

The  axones  of  each  nervus  oculomotorius  arise  mainly  from 
the  nucleus  of  the  same  side  but  partly  from  the  nucleus  of  the 
opposite  side  ;  that  is  to  say,  there  is  a  partial  decussation  of  the 
root  fibres.  This  decussatio  nervorum  oculomotoriorum  con- 
cerns mainly  the  posterior  or  distal  (spinal)  third  of  the  nucleus. 
There  is  but  little,  if  any,  decussation  of  the  axones  arising  from 
the  cell  bodies  situated  in  the  anterior  or  proximal  (cerebral) 
two  thirds  of  the  nucleus. 

The  nuclei  of  the  N.  oculomotorii  are  very  complex,  consist- 
ing of  numerous  cell  groups;  and  although  they  have  been  studied 
by  many  able  investigators,  notably  by  Duval  and  Laborde,* 
Spitzka,!  Starr,J  von  Gudden,^  Perlia,||  Westphal,-^  Edinger,^ 
van  Gehuchten,J  Obersteiner4  von  Kolliker,J  and  Bernheimer,** 
we  are  still  far  from  possessing  an  adequate  and  satisfactory 
knowledge  concerning  their  various  parts.  That  they  should  be 
anatomically  complex  is  not  surprising  when  one  remembers  that 
the  N.  oculomotorius  innervates  a   relatively  large   number  of 


*  Duval,  M.,  et  J.  V.  Laborde.  De  rinnervation  des  mouvements  assoc-ies 
des  globes  oculaires ;  Etudes  d'anatomie  et  de  physiologic  exp^rimentale. 
Jour,  de  Tanat.  et  de  la  physiol..  Par.,  t.  xvi  (1880),  pp.  56-89. 

f  Spitzka,  E.  C.  The  Oculo-motor  Centres  and  their  Co-ordinators.  Jour, 
of  Nerv.  and  Mcnt.  Dis.,  N.  Y.,  vol.  xv  (1888),  pp.  413-432. 

X  Starr,  M.  A.  Ophthalmoplegia  Externa  Partialis.  Jour,  of  Nerv.  and 
Ment.  Dis.,  N.  Y.,  vol.  xv  (1888),  p{>.  301-316. 

*  von  Gudden.     Gesammelte  Abhandl.,  Wiesbaden  (1889). 

I  Perlia.  Die  Anatomie  des  Oculornotoriuscentruras  beim  Menschen. 
Arch.  f.  Ophth.,  Leipz.,  Bd.  xxxv,  Abth.  4  (1889),  S.  287-308. 

^  Westphal,  C.  Ueber  die  chronische  j)rogrcssive  Lfthmung  der  Augen- 
rouskeln.  Unter  Bentltzung  der  von  6.  Westphal  hinterlassenen  Unter- 
suchungen,  bearbeitet  und  herausgegeben  von  E.  Siemerling.  Suppl.-Bd., 
Arch.  f.  Psych,  u.  Nervenkr.,  Berl.,  Bd.  xxii  (1891),  S.  1-206. 

0  Edinger.  Verl.  der  central.  Hirnnervenbahnen.  Arch.  f.  Psychiat. 
u.  Nervenkr.,  Bd.  xvi  (1885). 

t  van  Gehuchten.  De  I'origine  du  nerf  oculomoteur  commun.  Bull,  de 
TAc.  roy.  de  Bclg.  (1892). 

t  Obersteiner.     Anzeig.  d.  k.  k.  Gesellsch.  d.  Aerzte  in  Wien  (1880). 

t  von  KOlliker,  A.  Ueber  den  Ursprung  des  Oculomotorius  beim  Men- 
schen.    Sitziingsb.  d.  phys.-med.  Gesellsch.  zu  WQrzb.  (1892),  S.  118-120. 

♦♦  Bernheimer,  S.  Das  Wurzelgebiet  des  Oculomotorius  beim  Menschen. 
8vo,  Wiesbaden  (1894),  pp.  1-80. 
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muscles,  anatomically  and  physiologically  more  or  less  inde- 
pendent of  one  another,  and  recalls  further  that  these  muscles, 
both  inside  and  outside  the  eyeball,  are  co-ordinated  in  the  most 
delicate  wav  with  one  another  and  with  the  muscles  innervated 
by  other  groups  of  lower  motor  neurones  (M.  obliquus  superior, 
M.  rectus  lateralis.  Mm.  capitis  et  colli). 

It  will  be  convenient,  owing  to  the  existence  of  a  nucleus 
impar,  to  describe  the  nuclei  of  the  two  sides  together.  In  the 
newborn  babe  there  can  be  very  distinctly  made  out  a  large 
lateral  nucleus  on  each  side  and  a  nucleus  impar  in  the  middle 
line.  The  nucleus  impar  does  not  extend  quite  as  far  either 
anteriorly  or  posteriorly  as  do  the  lateral  masses.  With  the  high 
power  of  the  microscope,  cells  can  be  made  out  connecting  the 
nucleus  impar  (except  at  the  posterior  and  dorsal  extremity)  with 
the  lateral  nucleus  on  its  ventral  aspect  on  each  side.  The 
lateral  masses  of  the  two  sides  are  more  widely  separated  from 
one  another  and  more  independent  at  the  postero-dorsal  ex- 
tremity of  the  nucleus  than  at  the  anterior  ventral  extremity ; 
in  fact,  in  the  latter  region  the  two  lateral  masses  fuse  and  form 
a  solid  mass  of  nerve  cells  occupying  the  middle  line  and  a  region 
just  lateral  from  this  on  each  side.  These  appearances  are  well 
shown  in  a  reconstruction  made  bv  F.  Sabin  in  the  anatomical 
laboratory  in  Baltimore. 

The  nuclei  of  the  two  sides  in  three  dimensions  looked  at 
from  the  dorso-anterior  surface  of  the  reconstruction  are  of  the 
shape  of  an  arrow  with  its  apex  pointing  ventral  ward  and  an- 
teriorly, its  base  pointing  dorsalward  and  posteriorly;  or,  on 
account  of  the  hoUowed-out  appearance,  it  may  be  said  to  re- 
semble the  anterior  half  of  a  canoe  along  the  floor  of  which,  from 
the  bow  to  the  middle,  projects  a  thick  vertical  bar — the  nucleus 
impar.  Looked  at  from  the  ventro-j>osterior  aspect,  the  surface 
is  seen  to  be  convex  and  tolerably  uniform,  except  at  the  postero- 
dorsal  extremity,  where  the  nucleus  impar  is  separated  by  a  nar- 
row chink  on  each  side  from  the  lateral  masses  of  nerve  cells. 

A  very  elaborate  description  has  been  given  by  Perlia  (Fig. 
604).  This  author  describes  a  number  of  groufm  of  nerve  cells 
which  he  says  he  makes  out  distinctly.  He  divides  the  maMses 
into  a  superior  group  and  an  inferior  irronp.  The  inferior  ^roup 
forming  the  main  mass  of  the  nurrldiH  consiHtM  of  a  ^'f-ntral 
nucleus  situated  in  the  middle  line  (\nr;l.  r;^;ntraIiM),  of  a  nucleus 
containing  small  cells   known  as  the  Kdinger-WeHtphal  nu^'leus 
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(Nucl.  Edinger-Westph&l.),  and  of  four  nuclei  contaiuiDg  rather 
large  cells,  two  dorsal  aod  two  ventral,  of  which  one  ie anterior  and 
the  other  posterior. 


J</htlmtd.aAt. 
^'iid.EiUnger.  Walph, 


IjevrU  u/  irrAio\ 


rter  Periis.  Arcb. 


The  superior  group,  much  smaller  than  the  inferior,  consists 
of  two  nuclei — (1)  a  median  nucleus  {Nucl.  med.  ant.)  and  {'I)  a 
lateral  nucleus  {Xue.  lat.  ant.).  Perlia  believed  that  root  fibres 
of  the  N.  oculomotoriua  come  from  all  of  these  groups  of  nerve 
cells  except  the  nucleus  of  Edinger-Westphal  and  the  anterior 
median  nucleus.  It  will  be  noticed  that  Perlia's  nucleus  lateralis 
anterior  is  in  reality  identical  with  the  oberer  Ocuhmoloriiiai-ern  of 
Darkschowitsch,*  but,  as  we  have  seen,  the  newer  investigatioDS 

•  D»rkschewitsth,  1..     Ni'urol.  fentnilbl.,  [-eipz,  (1885),  S.  101  and  Ibid. 
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have  shown  that  Perlia,  Darkschewitsch,  and  others  were  wrong 
in  believing  that  this  nucleus  gives  origin  to  root  fibres  of  the  X. 
oculomotorius.  It  has,  we  believe  now,  nothing  to  do  directly 
with  the  N.  oculomotorius,  but  is  connected  with  the  fas- 
ciculus longitudinalis  medialis  on  the  one  hand  and  with  the 
commissura  posterior  (distal  commissure)  on  the  other.  Von 
Kolliker  has  therefore  referred  to  it  as  the  nucleus  of  the  pos- 
terior commissure,  and  it  has  been  described  in  a  previous  chapter 
of  this  book  as  the  nucleus  fasciculi  longitudinalis  medialis. 

Von  Kolliker  has  made  a  very  careful  study  of  serial  sections 
of  this  nucleus  in  the  newborn  babe,  and  his  description  should 
be  consulted  by  any  one  who  wishes  to  study  the  nucleus  thor- 
oughly. He  decides  that  the  N.  oculomotorius  has  on  each  side 
essentially  only  one  nucleus.*  From  this  main  nucleus  a  round 
dorsal  mass  branches  off  at  the  cerebral  end.  He  does  not  find 
any  paired  dorsal  medial  nucleus,  but  describes  only  an  unpaired 
central  nucleus,  which  apparently  corresponds  to  what  has  been 
mentioned  above  as  the  nucleus  impar.  Von  Kolliker  does  not 
find  the  nucleus  of  Edinger-Westphal  in  his  embryo  preparations, 
although  he  states  that  he  sees  it  perfectly  well  in  sections  of  the 
adult  brain. 

The  partial  decussation  of  the  root  fibres  of  the  Xn.  oculo-mo- 
torii  was  first  proved  for  the  rabbit  by  von  Gudden.  It  has  also 
been  made  out  in  man  by  Perlia  and  von  Kolliker  and  by  van 
Gehuchten  in  the  duck  (Fig.  605).  The  decussation  in  human 
beings  has  been  perhaps  most  carefully  described  by  Bernheimer. 
This  author  believes  that  the  distal  part  of  the  main  nuclei  give 
off  almost  entirely  decussating  axones.  In  the  most  posterior 
ten  sections  he  found  exclusively  crossed  fibres ;  a  little  anteriorly 
a  few  uncrossed  fibres  appeared,  which  gradually  became  more 
numerous;  while  at  the  middle  of  the  nuclear  mass  the  uncrossed 
fibres  predominated,  and  in  the  anterior  half  of  the  lateral  main 
nucleus  there  were  no  decussating  fibres  at  all.  He  assumes  that 
on  the  whole  one  fourth  of  all  the  fibres  from  each  nucleus 
decussate.  The  decussation  occurs  as  follows  :  Out  of  all  parts 
of  one  nucleus  there  arise  fibres  which  press  more  or  less  on  the 
medial  side  of  the  nucleus  and  descend  at  the  same  time  toward 
the  median  space,  there  to  pass  over  like  a  commissure  to  the 
opposite  nuclear  mass,  in  order  again  to  radiate  out,  fan-shaped. 


Op.  cit.,  S.  299. 


946 


THE  NERVOUS  SYSTEM. 


into  the  latter.  After  passing  through  the  nucleaeot  the  opposite 
side,  united  in  bundles  they  go  through  the  fasciculus  loogitadi- 
nalis  medialis.  The  fibres  arising  most  dorsalward  go  out  of  the 
opposite  nuclear  mass  fartliest  vcntralward,  while  those  arising 
more  ventrally  pass  out  farthest  dorsalward.  Hence  one  can 
distinguish  among  the  crossed  fibres  some  with  longer  roots, 
others  with  shorter  roots. 


Fio.  805. — Nucleus  nritriuin  ft  Hilt  radiruluria  N.  ocuto-mntnriiotan  embiyo  duck. 
i  AftiT  A.  van  <li>hui'litcn.  Anatomic  clu  HyslihiiF  ncrveux  de  I'hommc.  2** 
(sl..  Ijonv..  ItWT.  p.  614.  Fi|t.  ^SSt. '  at.  kqucdQctuH  cerebri ;  rp,  ependTmal 
epithelium  ;  fp,  faivieulus  loniptudiiuiliii  mpdUlis. 

According  to  Bcrnlieimer,  crossed  fibres  never  leave  the  main 
nucleus  in  the  neighborhood  of  the  median  line.  The  crossed 
fibres  go  through  the  fasciculus  longitudinalis  medialis  in  ita 
dorsal  part,  and,  after  a  somewhat  curved  course,  pass  near  the 
lateral  border  of  the  red  nucleus  and  then  turn  toward  the 
middle  line  to  the  region  of  exit  of  the  nerve. 

The  uncrossed  fibres  from  the  main  nuclei  arise  unmixed 
only  from  the  proximal  half  of  them.     Thoy  leave  the  naclear 
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masses  and  pass  exclusively  betweeu  the  fibres  of  the  fasciculus 
longitudinalis  medialis  which  lie  close  to  the  middle  line — that  is, 
to  the  most  ventral  fibres  of  the  fasciculus  longitudinalis  medialis. 

It  seems  likely  that  the  various  groups  of  nerve  cells  in  the 
nuclei  nervorum  oculomotoriorum  are  connected  with  one  an- 
other by  means  of  large  numbers  of  association  neurones. 

Ending  in  the  nucleus  nervi  oculomotorii  of  each  side  are 
collaterals  and  axones  which  in  the  main  come  from  the  fasciculus 
longitudinalis  medialis.  By  just  what  paths,  if  any,  other  than 
the  fasciculus  longitudinalis  medialis  the  nucleus  nervi  oculomo- 
torii is  brought  under  the  influence  of  cerebral  sensory  peripheral 
nerves  and  of  neurones,  the  cell  bodies  of  which  are  situated  in 
the  pallium,  is  not  yet  clear. 

The  relation  of  the  nucleus  nervi  oculomotorii  to  the  nucleus 
nervi  abducentis,  on  account  of  the  physiology  of  the  muscles  sup- 
plied by  these  two  nuclei,  is  of  the  highest  interest,  especially  with 
regard  to  the  lateral  movements  of  the  eyes,  the  M.  rectus  medialis 
being  supplied  by  the  nucleus  nervi  oculomotorii  and  the  M.  rectus 
lateralis  being  supplied  by  the  nucleus  nervi  abducentis.  Duval 
and  Laborde  are  of  the  opinion  that  there  is  a  crossed  relation  of 
the  oculomotor  nerve  to  the  contra-lateral  nucleus  of  origin  of  the 
nervus  abducens  mediated  by  the  fasciculus  longitudinalis  medialis. 
If  their  view  be  correct,  fibi'es  leave  the  nucleus  nervi  abducentis  at 
its  cerebral  extremity,  enter  the  fasciculus  longitudinalis  medialis, 
and  farther  cerebralward  pass  into  the  dorsal  decussation  of  the 
tegmentum,  to  go  over  to  the  other  side,  where  they  meet  with  the 
root  fibres  of  the  nervus  oculomotor! us,  and  join  them  on  their 
medial  surface.  Spitzka,  on  the  other  hand,  and  Obersteiner  think 
such  a  view  unnecessary.  Assuming  that  the  M.  rectus  medialis  is 
innervated  mainly  by  crossed  root  fibres  of  the  nervus  oculomo- 
torius,  they  suggest  that  a  connection  by  means  of  the  fasciculus 
longitudinalis  medialis  exists  between  the  nucleus  nervi  abducentis 
and  the  nucleus  nervi  oculomotorii  of  the  same  side.  This  would 
afford  an  anatomical  basis  for  the  synergism  existing  between  the 
M.  rectus  medialis  of  one  side  and  the  M.  rectus  lateralis  of  the  other 
side.  Hold's  studies  with  Golgi's  method  have  demonstrated  so 
many  collaterals  from  the  fasciculus  longitudinalis  medialis  enter- 
ing the  eye-muscle  nuclei  that  it  seems  very  likely  that  the  co-ordi- 
nation of  the  activities  of  these  various  nuclei  is  brought  about  by 
means  of  fibres  in  the  fasciculus  longitudinalis  medialis  (Fig.  606). 

A  great  many  attempts  have  been  made  to  localize  in  the  nu- 
cleus nervi  oculomotorii  and  in  the  bundles  of  root  fibres  coming 
62 
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— Srbciw  of  thii  vtmxtK  of  tlic  optic  and  (KflUstiK  reflex  pBthi  ii 
fiimutki  ntii'iiLiris.     <  After  H.  Hel.l,  Anh,  f.  Annl,  u,  Fhysiul.,  Anal.  A      ... 
LrW,  IWB,  S. 2a»,  KiK.  11. '    .\iirl.  HI.  nucl.un  Qervi ovulo-motnni ;  .V»./.l.«.. 
nucleus  fiuwii-uU  Itintritudiiulli  muduli«  mtl  nudeoa >—  ~-.— «— - 
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from  them  structures  corresponding  to  individual  eye  muscles. 
Thus,  Honsen  and  Volckers  *  in  the  dog  stimulated  electrically 
individual  bundles  of  fibres  coming  out  of  the  different  portions 
of  the  nucleus.  They  concluded  that  from  before  backward  the 
fibres  of  the  nervus  oculomotorius  in  the  dog  have  the  following 
arrangement:  (1)  Nerves  of  accommodation;  (2)  those  for  the 
M.  sphincter  iridis;  (3)  those  for  the  M.  rectus  medialis;  (4) 
those  for  the  M.  rectus  superior;  (5)  those  for  the  M.  levator 
palpebras  superioris;  (6)  those  for  the  M.  rectus  inferior;  (7) 
those  for  the  M.  obliquus  inferior. 

Other  investigators  (Starr,  Kahler  and  Pick,  Leube,  Spitzka, 
Siemerling,  Westphal,  von  Monakow)  have  examined  the  patho- 
logical alterations  in  the  nucleus  in  cases  in  which  partial  paraly- 
sis of  function  had  been  observed  during  life. 

Thus  Starr  f  distinguishes  in  the  nucleus  nervi  oculomotorii  a 
medial  portion  and  a  lateral  portion.  From  the  former  he  believes 
there  arise  from  before  backward  the  fibres  for  the  ciliary  muscle, 
those  for  the  M.  rectus  inferior,  and  those  for  the  M.  rectus  medi- 
alis ;  from  the  latter  arise  the  nerve  fibres  for  the  M.  sphincter 
iridis,  M.  levator  palpebrae  superioris,  M.  rectus  superior,  and  M. 
obliquus  inferior.  According  to  Kahler  and  Pick,  the  pupillary 
fibres  of  the  nervus  oculomotorius  run  in  its  most  anterior  root 
bundles ;  while  the  posterior  root  bundles,  they  believe,  are  des- 
tined for  the  external  muscles  of  the  eye,  and  can  be  separated 
into  (1)  a  lateral  group,  governing  the  M.  levator  palpebrae,  the 
M.  rectus  superior  and  the  M.  obliquus  superior,  and  (2)  a  medial 
group,  innervating  the  M.  rectus  medialis  and  the  M.  rectus 
inferior. 

The  case  described  by  Leube,J  in  which  during  life  there  had 
been  ptosis  (paralysis  of  the  M.  levator  palpebrse  on  the  right 
side)  and  dilatation  of  the  right  pupil,  and  in  which  after  death 
a  small  apoplectic  nodule  was  discovered  in  the  dorso-lateral  part 
of  the  nucleus  nervi  oculomotorii  of  the  right  side,  is  worthy  of 
especial  mention  here. 


•  Hensen,  V.,  iind  C.  VQlckers.  Ueber  den  Urspninpr  der  Accommoda- 
tionsnerven,  nebst  Bemerkungen  Qber  die  Function  der  Wurzeln  des  Nervus 
oculomotorius.     Arch.  f..Ophth.,  Berl,  Bd.  xxiv  (1878),  S.  1-26. 

t  Starr,  M.  Allen.     Op.  cit. 

X  Leube.  W.  Ueber  Hcrderkranknn^on  im  Gehirnschenkel  in  der  Gep:end 
des  hinteren  Vierhtlgclpaares.  Deutsches  Arch.  f.  klin.  Med.,  Lcipz.,  Bd.  xl 
(1886-'87),  S.  217-227. 
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Of  especial  interest,  too,  are  the  investigations  which  have 
been  made  by  means  of  the  method  of  Nissl,  which,  as  we  have 
seen  above,  has  thrown  so  much  light  upon  the  localization  of 
function  within  the  gray  masses  inside  the  spinal  cord.  Here 
the  studies  of  Bernheimer  and  of  Schwabe  have  been  most  ex- 
tensive. Bernheiraer*  distinguishes  between  the  extra-ocular 
and  intra-ocular  muscles,  and  finds  that  the  extra-ocular  muscles 
arise  from  the  medial  portion  of  the  nucleus,  while  the  intra-ocular 
muscles  arise  in  the  main  from  the  lateral  portion  of  the  nucleus. 

Schwabe,!  under  the  direction  of  Hans  Held,  operated  upon  a 
large  number  of  rabbits  with  the  purpose  of  localizing  the  por- 
tions of  the  N.  oculomotorius  concerned  in  the  innervation  of 
the  individual  eye  muscles.  In  his  preliminary  report  he  states 
that  his  results  prove  that  the  view  of  Mendel,!  according  to 
which  the  upper  facial  had  its  origin  in  the  nucleus  nervi  oculo- 
motorius, is  probably  incorrect,  since  on  section  of  the  nervus 
facialis  there  resulted  extensive  typical  degenerative  alterations  in 
the  nucleus  nervi  facialis,  but  not  a  single  degenerated  cell  could 
be  found  in  the  nucleus  nervi  oculomotorii. 

When  the  whole  of  the  orbital  contents  were  removed  he 
found  total  degeneration  of  all  the  ganglion  cells  of  the  motor 
type  of  the  main  nucleus  of  the  nervus  oculomotorius  as  well  as 
of  the  lateral  cells  lying  in  the  fasciculus  longitudinalis  medialis. 
The  relations  are  in  part  crossed,  and  Schwabe  confirms  von  Gud- 
den  in  that  he  finds  that  the  cells  in  the  crossed  nucleus  are  sit- 
uated in  its  most  dorsal  parts.  Schwabe  thinks  that  the  only 
muscle  which  receives  a  crossed  innervation  by  means  of  the  ner- 
vus oculomotorius  is  the  M.  rectus  superior.  The  root  fibres 
belonging  to  it  come  out  of  the  dorsal  half  of  the  distal  portion 
of  the  opposite  nucleus  nervi  oculomotorii,  a  region  which  cor- 
responds approximately  to  the  nucleus  dorsalis  described  by  von 
Gudden  in  the  rabbit. 

The  M.  obliqnus  inferior  is  innervated  by  fibres  arising  from 


*  Bernheimer,  S.  Innervation  der  Augenrauskeln.  Deutsche  nied. 
Wchnsohr.  (1897).  No.  .35.  S.  153. 

t  Schwab<»,  FI.  I'eber  die  Gliederung  des  Oculomotorius-Hauptkems  und 
die  Lage  der  den  einzelnen  Muskeln  entsprechenden  Gebiete  in  dcmselben. 
Neurol.  Centralbl..  [.eipz.,  lid.  xv  (1896),  S.  792-794. 

t  Mendel.  E.  I\'ber  den  Kernursprungdes  A ugen- Facialis.  Berl.  kiin. 
Wchnschr..  Rd.  xxiv  (1887),  S.  913-916.  Also,  Neurol.  Centralbl..  Leipz., 
Bd.  vi(lH87),S.  537-542. 
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the  ventral  half  of  the  distal  portion  of  the  nucleus  nervi  oculo- 
motorii  of  the  same  side.  The  M.  rectus  inferior  is  innervated 
by  fibres  arising  from  cells  situated  in  the  proximal  portion  of  the 
nucleus  nervi  oculomotorii  of  the  same  side  and  from  some  of  the 
lateral  cells  in  the  fasciculus  lougitudinalis  medialis. 

The  cell  bodies  which  send  axones  to  the  M.  rectus  medialis 
were  not  so  easily  determined.  They  do  not  apparently  corre- 
spond to  a  definite  well-defined  group,  but  the  cells  governing  it 
are  spread  out  over  the  whole  of  that  side  of  the  nucleus  nervi 
oculomotorii  which  lies  upon  the  fasciculus  lougitudinalis  medi- 
alis. These  cells  include  the  greater  part  of  the  lateral  cells,  a 
number  of  cells  lying  at  the  junction  between  the  distal  and  prox- 
imal portion  of  the  nucleus  and  about  half  of  the  cells  which,  to- 
gether with  those  which  govern  the  M.  rectus  inferior,  form  the 
most  lateral  apex  of  the  proximal  portion  of  the  main  nucleus. 

The  fibres  governing  the  M.  levator  palpebrae  superioris  and 
the  M.  retrahens  bulbi  could  not  be  connected  with  any  cells, 
although  Schwabe  thinks  it  is  possible  that  the  levator  muscle 
may  be  innervated  by  cells  in  the  most  lateral  dorso-distal  group 
of  the  nucleus,  possibly  of  the  opposite  side.  Interesting  from 
the  physiological  standpoint  is  the  fact  that  the  Mm.  recti  superi- 
ores  et  obliqui  inferiores,  acting  together  in  pure  upward  move- 
ments of  the  eyeball,  are  innervated  by  the  distal  portions  of  the 
nuclei  of  the  two  sides ;  and  also  that  the  cells  innervating  the 
Mm.  recti  inferiores  et  mediales  are  intimately  mingled  in  the 
most  lateral  part  of  the  proximal  portion  of  the  nucleus.  This 
latter  region  might  very  well  be  called,  as  Schwabe  suggests,  the 
Convergenzcentrum. 


SUBSECTION  IV. 

Neurones  which  enter  into  Conduction  Relation  with 
the  Lower  Motor  Neurones  and  throw  the  Ijatter 
under  the  Influence  of  Other  Centres  (Interme- 
diary and  Upper  Motor  Neurones). 


CHAPTER   LVll. 

IXTKRMEDIARY    AND    UPPER    MOTOR    XEUROXES. 

Relation  of  jHiriphenil  (•entri[>etiil  neurones  to  motor  nuclei — Golgi  cells  of 
Tyi)o  II  intersegmental — The  triangular  path  of  Ilelweg  or  the  olivary 
bundle  of  von  Bechterew. 

It  has  already  been  stated  {vide  supra)  that  collaterals,  and 
possibly  terminals,  from  great  numbers  of  peripheral  sensory  neu- 
rones enter  into  direct  contact  relation  with  the  dendrites  and  cell 
bodies  of  the  motor  neurones  in  the  ventral  horns  (Fig.  607.)  In 
addition  to  this  mechanism  by  means  of  which  the  peripheral 
sensory  neurones  can  come  directly  in  contact  with  motor  neu- 
rones, the  fibres  of  the  dorsal  funiculi  can  influence  the  motor 
neurones  by  means  of  intercalated  tautomeric  and  heteromeric 
neurones  with  shorter  and  longer  axones.  In  this  way  one  sen- 
sory fibre  of  a  given  neurotome  can  perhaps  throw  motor  neurones 
in  many  segments  of  the  cord  under  its  influence  (Fig.  608). 

The  lower  motor  neurones  of  the  same  ventral  horn  and  of  the 
ventral  horns  of  the  two  sides  can  reciprocally  affect  one  another 
by  means  of  Golgi  cells  of  Type  II.  This  would  be  true  of  motor 
neurones  of  the  same  segment  or  of  segments  immediately  ad- 
jacent. 

(A)  Those  the  Axones  of  which  help  to  make  up  the  Fasciculi 

Proprii  of  the  Spinal  Ck>rd. 

The  motor  neurones  of  the  various  segments  of  the  cord  are 

anatomically  and  functionally  connected  by  means  of  longitudi- 
952 
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ttaily  extending  asaociatioo  neurones.  Thus  the  cell  bodies  of 
sach  aasociation  neurones  situated  in  one  segment  of  the  cord 
Bend  out  their  axonea  into  the  faBcicuIaa  Tcntralis  proprius  or  the 
fasciculus  lateralis  propriua,  where  they  may  ascend  or  descend,  or, 
bifurcating,  both  ascend  and  descend,  usually  close  to  the  ventral 
gray  columns,  to  terminate  in  the  gray  matter  at  a  distance  of  one, 
several,  or  very  many  segmente  distant  from  their  site  of  origin. 
The  axones  which  connect  the  most  distant  segments  with  one 
another  are  most  periphei-atly  situated  in  the  white  matter,  while 


'  of  rpflei  mechaDiani 


Bd.  ii.  UnpK.,  1S«,  S.  12S,  Fig.  44»,1 


Flo.  907, — Scheme  of  reflei  mvchanJHin 
of  the  spinal  iHird.  ( AfUr.iV.  Vun  Kcil- 
liket.  HitDdbuch  der  (iewcbclrhrp, 
Bd.  it,  1896.  S.  lie,  t'ig.  30e.) 

those  connecting  neighboring  segments  run  in  the  white  fasciculi 
close  to  the  gray  matter  (Flatau).*  On  the  way  these  axones  send 
off  numerous  collaterals  to  terminate  in  the  gray  matter  of  the 
segments  which  ihey  pass.  That  there  are  association  neurones 
of  motor  function  has  been  proved  by  the  cases  of  progressive 
muscular  atrophy  in  which  degenerated  fibres  have  been  found  in 
the  ground  bundles  without  any  accompanying  sensory  disturb- 
ance.    These  intermediate  neurones  between   groups  of    motor 

*  FlaMu.  B.    Das  Gesetz  ilcr  ex<'entr[.'«:hen  Lagerun)(  tier  latigen  Bahnen 
im  RQcbenmark.    Sitzber.  U.  Ahad.  d.  ^Yis9.  zu  Berlin  (1897). 
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neurones  are  more  numerous  in  the  lumbar  and  cervical  enlarge- 
ments than  in  the  portions  of  the  cord  of  smaller  calibre.  Thej 
are  very  abundant  in  the  medulla  oblongata  and  pons  Varolii, 
where  they  help  to  form  the  formatio  reticularis  alba.  One  very 
important  group  of  axones  of  such  longitudinal  association  neu- 
rones is  met  with  in  the  fasciculus  longitudinalis  medialis  (often 
called  the  posterior  longitudinal  bundle),  by  means  of  which 
practically  all  the  motor  nuclei  of  the  cerebral  nerves  are  func- 
tionally connected  with  one  another. 

This  place  seems  as  suitable  as  any  to  describe  the  "  triangu- 
lar path  "  of  Helweg,*  which  extends  between  the  nucleus  olivaris 
inferior  and  the  spinal  cord.  Whether  it  is  olivopetal  or  olivof  ugal 
in  direction  has  not  yet  been  satisfactorily  determined.  In  the 
description  given  by  llelweg,  that  author  stated  that  the  system 
concerned  consisted  of  an  area  of  fine  fibres  triangular  in  shape  in 
cross-section  in  the  uppermost  cervical  cord.  It  was  found  by  him 
in  the  central  nervous  system  of  individuals  who  during  life  had 
been  insane.  In  the  few  bodies  of  non-insane  individuals  exam- 
ined by  him  he  could  not  find  the  tract  mentioned,  and  he 
accordingly  concluded  that  the  fineness  of  the  fibres  in  the  "  tri- 
angular path"  represented  an  abnormality  occurring  often  in 
the  central  nervous  system  of  the  insane.  Though  Helweg's 
studies  were  made  with  the  carmine  method,  he  was  able  to 
establish  the  relation  of  the  fibres  of  his  "  triangular  path  "  to 
the  nucleus  olivaris  inferior.  It  was  this  author's  idea  that  the 
path  had  to  do  in  some  way  with  the  conduction  of  vaso- 
motor impulses. 

A  comparison  of  Ilelweg's  description  with  the  plates  and 
text  of  a  comprehensive  study  of  a  case  of  degeneration  fol- 
lowing pontine  hiemorrhage,  published  by  Paul  Meyer  f  in  1882, 
makes  it  seem  certain  that  Meyer  saw  the  path  much  earlier  than 
did  llelweg.  Meyer's  Fig.  12  d  appears  to  correspond  exactly 
to  Helweg's  path. 

In  1894  v.  Bechterew  J  described  as  the  "olivary  fasciculus" 


♦  IIelweg*s  Dreikaiit^Tibahn.  Cf.  Helwop.  Arch.  f.  Psychiat.  u.  Nerven- 
kr.,  Borl.,  Bd.  xix  (1887-'88).  11.  1.  S.  108. 

f  Meyer,  P.  Ueber  einen  Fall  von  Ponshamorrhagie  rait  secundftren 
Deponerationon  der  Schleife.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  ziii 
(1882),  S.  «a-98. 

I  V.  IWchterew,  W.  Ueber  den  Olivenstrang  des  Halsmarkes.  Xeurol. 
Centralbl.,  Leipz.,  Bd.  xiii  (1894),  No.  12,  S.  4;W. 
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[Oliventtrang)  a  band  of  fibres  which  in  the  distal  region  of  the 
medulltt  obloDgata  lies  close  to  the  nucleus  olivaris  inferior. 
According  to  the  Russian  neurologist  this  band  of  fibres  belongs 


FfO  0OB— <*cctoniithnuKh  thcmpdullnohl  n 
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to  the  youngest  fibre  systems  of  the  spinal  cord.  Even  the  fascic- 
uli cerebro-spinales  (pyramidales)  are  meduUated  before  the  fibres 
of  the  Olivenstraiigy  so  that  it  is  not  until  some  time  after  birth 
that  the  fibres  become  surrounded  by  myelin  sheaths.  Indeed, 
one  of  the  easiest  methods  of  becoming  familiar  with  the  position 
of  the  path  is  to  study  the  medulla  and  cervical  cord  of  the  new- 
born babe  (Fig.  609).  In  the  cervical  cord  the  "  olivary  bundle" 
lies  at  the  junction  of  the  lateral  with  the  ventral  funiculus  at 
the  region  of  exit  of  the  ventral  roots.  In  the  medulla  it  is 
situated  close  to  the  lateral  border  of  the  pyramid.  In  cross- 
section  the  area  corresponding  to  these  fibres  is  lens-shaped  in 
the  lower  cervical  cord,  triangular  in  the  mid-cervical  region. 
At  the  level  of  the  nucleus  olivaris  inferior  the  bundle,  according 
to  von  Bechterew,  suddenly  disappears,  but  this  investigator 
grants  that  there  is  no  proof  that  its  fibres  are  directly  related  to 
the  nerve  cells  of  the  olive. 

The  fibres  of  the  olivary  bundle  are  among  the  finest  of  the 
white  fibres  in  the  cord.  While  this  bundle  is  meduUated  very 
late,  a  month  after  birth,  the  majority  of  the  fibres  of  the  fascic- 
ulus lateralis  proprius  are  meduUated  very  early  in  the  foetus. 
V.  Bechterew  favors  the  view  that  the  axones  of  the  fibres  of  the 
Olivenstratig  arise  from  perikaryons  situated  in  the  homolateral 
ventral  horn — that  is  to  say,  the  bundle,  in  his  opinion,  is  spino- 
fugal.* 

The  bundle  has  been  found  degenerated  in  two  cases  by  Rein- 
hold,!  and  in  several  cases  recently  by  Pick.J  Reinhold  inclines 
to  the  view  that  the  bundle  represents  a  centrifugal  vasomotor 
path.  Pick  points  out  that  the  bundle  is  doubtless  often  overlooked, 
owing  to  the  fact  that  though  it  can  be  followed  as  far  down  as 
the  junction  of  the  pars  cervicalis  with  the  pars  thoracalis  of  the 
cord,  it  is  usually  very  indistinct  below  the  level  of  the  second 
cervical  segment,  and  the  region  in  which  it  is  distinctly  visible 
is  at  ordinary  autopsies  cut  through  very  obliquely,  so  that  the 
tissue  is  unsuitable  for  study.  If  Chiari's  myelotome  be  employed 
this  difficulty  is  easily  obviated. 

*  V.  Bechterew,  W.  Die  Leitungsbahnen  ira  Gehirn  und  RQckcnmark. 
II  Aufl.,  Leipz.  (18»9),  S.  d9-100. 

t  Deutsche  Ztschr.  f.  Nervenh.,  Leipz..  Bd.  x,  S.  900. 

X  Pick,  A.  Beitr&ge  zur  Pathologie  und  pathologi^hen  Anatomie  des 
Oentralnervensystems  mit  Bemerkung  zur  normalen  Anatomie  desselben. 
Berlin  (1898),  S.  222-234. 
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I  first  encountered  this  path  in  the  medulla  oblongata  of  an 
infant  dead  of  an  extensive  auperficial  burn.  At  first  I  had  no 
idea  of  its  nature,  but  afterwurd  found  that  it  corresponded  in 
shape  and  position  to  the  Helweg-Bechterew  path.  Its  late  mje- 
linization  speaks,  it  seeniB  to  me,  in  favor  of  its  being  a  centrifu- 
gal rather  than  a  centripetal  tract.  Moreover,  the  fact  that  when 
it  is  degenerated  the  olive  may  appear  unaltered  is  rather  against 
the  view  that  this  fibre  system  takes  its  origin  in  the  nucleus 
olivaria  inferior.  Indeed,  I  do  not  feel  sure  that  the  term  "oli- 
vary bundle  "  is  well  chosen.  Could  it  not  be  that  the  fibres  of 
the  bundle  come  from  higher  parts  of  the  nervous  system,  the 
fibres  being  so  scattered  above  the  level  of  the  inferior  olive  that 


Sabin.  ISB9.} 


they  are  no  longer  recagnJzitble  in  Weigert  prejiarations  as  a  dis- 
tiDctl;  localizable  bundle?  As  a  matter  of  fact,  Helweg's  path 
in  the  cervical  cord  corresponds  very  closely  in  position  to  that 
of  certain  descending  fibre  systems  in  the  ventro-lateral  fasciculi. 
Pick  even  snggeets  that  Loewenthal'a  "fasciculus  marginalis 
anterior "  *  is  identical  with  Helweg's  path.  The  more  one 
thinks  of  this  tract  in  connection  with  other  centrifugal  fibre 
systems  in  the  ventro-lateral  region  of  the  cord  the  more  he  will 
be  inclined,  I  think,  to  hesitate  before  he  decides  that  it  is  a  fibre- 
system  which   is  entirely  independent.     Should  it  turn  out  that 
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the  bnndle  known  as  lielweg's  Dreikantenbahn,  or  Ton  Bech- 
terew'a  OUvemtTang,  is  really  only  one  portion  of  a  much  longer 
fibre  system,  the  experience  would  not  be  a  novel  one ;  on  the 
contrary,  entirely  eimilar  steps  have  preceded  the  final  unraveling 


in  the  history  of  the  development  of  our  knowledge  of  a  number 
of  the  more  important  tracts  in  the  central  nervous  system.  The 
curions  shape  of  the  olive  is  shown  in  Figa.  610  and  Cll.  made 
from  drawings  of  a.  reconstruction  from  serial  sections  by  Miss 
Florence  Sabin.  The  gyri  and  sulci  in  the  olive  of  the  two  sides 
agree. 


(B)  Those  the  Axones  of  which  run  in  the  Fasciculus  Longitu- 
dinalis  Medialis  and  in  the  Formatio  Reticularis  Alba  of  the 
Bhombencephalon. 

CHAPTER   LVIII.  ^ 

INTERMEDIARY  AND    UPPER    MOTOR   NEURONES  (CONTINUED). 

The  vestibulo-spinal  path — Distal  axone  systems  from  the  gray  masses  of 

the  formatio  reticularis  g^isea. 

In  the  medulla  and  pons  are  situated  groups  of  neurones  with 
axones  running  down  to  terminate  about  the  motor  neurones  of 
the  ventral  horn.  Concerning  the  tracts  which  correspond  to  the 
axones  of  these  neurones  our  knowledge  is  as  yet  very  indefinite. 
One  very  important  bundle,  however,  must  be  mentioned — 
namely,  the  bundle  of  axones  which  descends  toward  the  spinal 
cord  from  the  nucleus  N.  vestibularis  lateralis  (Deiters'  nucleus). 
This  bundle  is  sharply  differentiated  in  sections  of  the  brain  of 
the  newborn  babe,  stained  by  Weigert's  method,  and  F.  Sabin 
li*ta  been  able  to  reconstruct  it. 

This  bundle  degenerates  after  removal  of  one  half  the  cere- 
al lum,  although,  according  to  Risien  Russell  and  Ferrier  and 
T*tiTner,  only  when  the  vestibular  nuclei  are  injured  at  the  same 
^'Xie.  Thomas*  is  inclined  to  think  that  the  bundle  has  its  ori- 
S^^x  partly  in  the  nucleus  nervi  vestibularis  lateralis  (Deiters) 
^^^^  partly  in  the  nucleus  nervi  vestibularis  superior  (von  Bech- 
t^^ew),  a  view  which  a  careful  study  of  Weigert  preparations  in 
t*^  newborn  babe  would  tend  to  support. 

This  bundle  of  fibres  can  be  easily  followed,  especially  when 

^^^cnerated,   deep  down   into   the  cord   where   the    individual 

^^^ullated  axones  turn  in  to  terminate  in  the  ventral  horns.     It 

^   Hot  surprising,  therefore,  that  von  Monakow,  after  hemisection 

^^  "the  spinal  cord  in  the  cervical  region,  found,  after  a  long  time. 


"*  Thomas,  A.    Le  cervelct ;  fitude  anatomique,  clinique  et  phvsiolugique, 

Pwis,  1897. 
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atrophy  of  the  cells  of  Deiters'  nucleus.  He  was  wrong,  how- 
ever, in  connecting  the  bundle  with  the  dorsal  fasciculi,  for  it 
undoubtedly  descends  in  the  ventro-lateral  ground  bundle. 

It  would  seem  that  this  uncrossed  descending  vestibulo-spinal 
neurone  system  has  been  described  by  various  authors  under 
different  names.  Many  of  the  descending  cerebello-spinal  systems 
described  by  the  authors  in  all  probability  correspond  to  the 
medullated  axones  of  this  system.  1  refer  to  the  researches  of 
Basilewski,.  Biedl,  and  others. 

The  fibres  passing  ventralward  from  Deiters'  nucleus  are  well 
shown  in  Fig.  612.  They  come  to  lie  close  to  the  ventro-lateral 
portion  of  the  upward  continuation  of  the  lateral  funiculi  of  the 
spinal  cord ;  in  all  probability  they  are  more  or  less  mixed  with 
the  axones  of  the  ascending  neurone  systems  which  make  up 
Gowers'  tract,  and  with  the  descending  axones  from  the  red 
nucleus  to  the  spinal  cord.  The  fibres  from  Deiters'  nucleus, 
however,  to  the  cord  tend  to  occupy  a  somewhat  different  position 
from  the  other  fibres  of  the  ventro-lateral  funiculus;  thev  come 
to  occupy  the  area  between  the  nuclei  laterales  and  the  remains 
of  the  ventral  horn.  Having  passed  downward  as  far  as  the 
spinal  cord  they  lie  in  the  peripheral  parts  of  the  zone  of  exit  of 
the  ventral  roots,  occu})ying  the  lateral  portion  of  the  ventral 
funiculus,  and  situated,  in  the  main,  ventral  from  the  ventral 
horn.  Some  of  the  fibres,  it  is  stated,  extend  as  far  as  the  pars 
lumbalis  of  the  spinal  cord,  and  are  ultimately  exhausted  by 
branches  which  turn  in  to  end  in  the  gray  matter  of  the  ventral 
horn. 

In  addition  to  the  descending  fibres  from  Deiters'  nucleus 
there  appear  to  bo  many  other  descending  fibre  systems  in  the 
formatio  reticularis.  These  have  their  origin  in  perikaryons  of 
the  formatio  reticularis  grisoa,  particularly  in  the  inferior  middle 
and  superior  central  and  lateral  nuclei. 

Those  fibres  descending  from  the  nucleus  centralis  medius 
and  nucleus  lateralis  medius  (von  Bechterew's  nucleus  reticularis 
tegmenti  pontis)  have  been  best  worked  out.  A  good  description 
is  to  be  found  in  Tschermak's  recent  article.  Those  axones  from 
the  nucleus  centralis  medius  can  be  followed  to  the  fasciculus 
longitudinalis  medialis.  These  there  divide  into  ascending  ^nd 
descending  branches.  The  descending  branches  appear  to  run 
down  into  the  ventral  funiculus  of  the  cord,  there  occupying  the 
so-called  fissural  part  of  tiie  funiculus  {Fissiirenstrang  of  the 
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Germans).  Collateral  fibres  are  given  olT  to  the  formatio  reticu- 
laris on  the  way,  and  to  the  ventral  horn  as  it  is  passed.  Fibres 
of  this  neurone  system  extend  throughout  the  whole  length  of 
the  spinal  cord.  This  might  be  called  the  uncrossed  descending 
spinal  neurone  system  from  the  formatio  reticularis. 

Another  system  of  axones  from  the  nucleus  centralis  medius 
can  be  followed,  passing  transversely  through  the  fasciculus 
longitudinalis  medius  to  the  dorso-lateral  part  of  the  opposite 
side  of  the  formatio  reticularis  alba.  Having  reached  that  situa- 
tion, the  fibres  bifurcate,  the  descending  branches  running 
spinal  ward  in  the  bundle  lateral  from  the  fasciculus  longitudi- 
nalis medialis,  and  ventml  from  the  genu  internum  radicis  nervi 
facialis.  The  fibres  lower  down  are  more  and  more  ventrally 
situated,  and  come  to  lie  in  the  middle  of  the  lateral  zone  of  the 
formatio  reticularis  dorso-lateral  from  the  nucleus  olivaris  inferior, 
and  medial  from  the  ventral  angle  of  the  mass  of  fibres  which 
represents  the  tractus  spinalis  nervi  trigemini.  The  fibres  we 
are  considering  now  come  to  lie  between  the  tractus  spinalis 
nervi  trigemini  and  the  nuclei  funiculi  lateralis;  while  in  the 
spinal  cord  the  bundle  is  situated  in  the  dorso-lateral  region  of 
the  field  occupied  by  the  lateral  pyramidal  tract,  a  little  medial 
from  the  descending  fibres  from  the  red  nucleus  and  from  the 
direct  cerebellar  tract.  The  fibres  of  this  crossed  svstem  from 
the  nucleus  centralis  medius  can  be  followed  down  in  the  spinal 
cord  as  far  as  the  conus  terminalis.  It  grows  ever  smaller  in 
volume  owing  to  the  passage  of  terminals  and  collaterals  which 
are  distributed  to  the  central  zone  of  the  substantia  grisea. 

Fusari  *  has  described  a  case  of  degeneration  implicating  the 
fibres  here  mentioned. 


Riv.  sporira.  (1896),  vol.  xxii,  p.  117. 


(C)  Those  the  Cell  Bodies  of  which  are  Situated  in  the 

Cerebelluni. 


CHAPTER   LIX. 

INTERMEDIARY    AND    UPPER    MOTOR    NEURONES   (CONTINUED). 

The  question  of  cerebello-spinal   paths — Studies  of   Marchi,  Ferrier  and 
Turner,  Risien  Russell,  Biedl,  Thomas,  and  others. 

In  the  cerebellum  are  situated  also  neurones  the  axones  of 
which  descend  in  order  to  affect  directly  the  lower  motor  neu- 
rones. As  to  the  exact  position  of  these  neurones  and  their 
axones  we  are  not  well  informed. 

The  studies  of  the  descending  cerebello-spinal  tracts  begin 
with  the  investigations  of  Marchi,*  who  described  such  a  bundle 
running  down  in  the  peripheral  part  of  the  ventro-lateral  fascic- 
uli of  the  cord.  lie  believed  that  these  fibres  came  mainly  from 
the  vermis,  that  they  passed  from  the  brachium  pontisand  thence 
by  way  of  the  fasciculus  longitudinalis  medialis  and  the  stratum 
interolivare  lemnisci  into  the  ventre- lateral  fasciculi  of  the  cord. 
He  followed  the  degeneration  through  the  whole  length  of  the 
cord,  where  it  occupied  two  areas— (1)  a  ventro-lateral  area  ex- 
tending from  the  sulcus  ventralis  to  the  ventral  extremity  of  the 
direct  cerebellar  tract  of  Flechsig,  and  (2)  a  more  lateral  area 
situated  just  in  front  of  the  fasciculus  cerebro-spinalis  lateralis. 
Ue  believed  that  these  fibres  terminated  in  the  ventral  horn  of 
the  spinal  cord,  and  that  a  lesion  of  the  bundle  containing  thom 
led  also  to  degeneration  in  the  ventral  roots  of  i\w  spinal  nerves. 
The  ventro-lateral  bundle  of  Marchi  corresponds  to  the  demH'nd- 
ing  cerebellar  bundle,  which  has  been  described  by  l.oewentluil, 
Schaefer,  Michael  Foster,  and  others.     The  negative  lindiiigM  of 

♦Marchi,  V,    SuU'  ori^nne  e  decorso  <hM  ptMhtiimli  rrroljolUrl  »^  lui  loh» 
rapporti  cogli  altri  centri  nervosi.   Hvn.  Fin«n/.«'(lHiM).  pp.  1  IIN.    Ahoinliiv 
•per.  di  treniat,  Reggio- Emilia,  vol.  xvii  (IHIM),  pp.  MAT  JinH      AUo  TiuhnI. 
in  Arch.  itaL  de  bi^JM|^^xniil|||^^^tt)^)|. 
*8     .^^^^^^I^^^^^^HIk 
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Ferrier  and  Turner,*  however,  have  made  many  neurologists  skep- 
tical as  to  the  existence  of  these  centrifugal  spinal  fibres  arising  in 
the  cerebellum,  especially  as  the  English  investigators  state  posi- 
tively that  when  one  lobe  of  the  cerebellum  is  extirpated  there 
is  no  degeneration  at  all  in  the  spinal  cord.  They  found  degen- 
eration, it  is  true,  in  the  corpus  restiforme,  but  this,  they  be- 
lieved, concerns  the  fibres  extending  to  the  inferior  olives  and  to 
the  nuclei  funiculi  gracilis  et  cuneati,  or  when  the  vermis  is 
extirpated  the  fibres  running  to  the  nucleus  of  Deiters.  They 
assert  that  the  degeneration  described  by  Marchi  is  due  to  a 
lesion  of  the  nucleus  of  Deiters  or  to  a  lesion  of  the  lemniscus. 

Another  English  investigator,  Risien  Russell, f  has  carried  out 
a  similar  series  of  experiments,  but,  instead  of  employing  the 
method  of  Weigert,  has  used  the  more  delicate  method  of  Marchi. 
On  extirpation  of  the  lateral  lobe  of  the  cerebellum,  Russell  finds 
degeneration  in  the  corpus  restiforme  on  the  same  side  as  the 
lesion.  These  degenerative  fibres  are  not  scattered,  but  are  lim- 
ited to  the  lateral  border  of  the  restiform  body.  On  examining 
sections  lower  down,  these  fibres  come  to  occupy  a  more  ventral 
position  inside  the  restiform  body.  They  leave  this  bundle  in 
large  part  to  become  distributed  to  the  nucleus  olivaris  inferior 
of  the  same  side  and  of  the  opposite  side.  A  few  fibres  descend 
into  the  ventro-lateral  fasciculi  of  the  cord  in  the  cervical 
region.  These  fibres,  however,  Russell  states,  are  scattered  and 
few  in  number,  and  disappear  at  the  upper  part  of  the  thoracic 
region. 

When  the  vermis  is  removed  (to  quote  Russell's  findings  fur- 
ther) the  corpus  restiforme  degenerates  on  both  sides ;  the  fibres 
become  distributed  in  the  formatio  reticularis  of  the  medulla, 
going  to  the  nucleus  olivaris  inferior  of  both  sides.  Some  fibres 
descend  into  the  ventro-lateral  fasciculi  of  the  spinal  cord.  Rus- 
sell does  not  lay  much  stress  upon  the  descending  cerebellar 
paths  to  the  cord,  but  is  inclined  to  agree   with   Ferrier  and 


*  Ferrier.  A  Reconl  of  Experiments  Illustrative  of  the  Symptoma- 
tology and  Degenerations  Following  Lesions  of  the  (Vrebellura  and  its  Pe- 
duncle and  Related  Structures  in  Monkeys.  Phil.  Trans.  Rov.  See.,  Lend.. 
vol.  clxxxv  (B.)  (IftJ)')).  pp.  719-778. 

f  Russell,  J.  S.  R.  Defeneration  Consequent  on  Experimental  Lesions  of 
the  CVrehelliim.  Proc.  Rov.  Soc.  Lond..  vol.  hi  (1804).  pp.  303-305:  and 
Experimentnl  Researches  into  the  Fimctions  of  the  Cerebellum.  PhU.  Trans. 
Roy.  Soc.,  vol.  clxxxv  (B)  (1895).  pp.  819-861. 
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Turner  that  the  marked  degeneration  observed  by  Marchi  de- 
pends upon  an  accidental  lesion  of  the  nucleus  of  Belters. 

A  stout  supporter  of  the  view  that  extensive  bundles  of  fibres 
descend  directly  from  the  cerebellum  into  the  spinal  cord  is 
found  in  Biedl.*  After  reviewing  more  or  less  thoroughly  the 
bibliography  of  the  subject  this  investigator  describes  his  own 
anatomical  findings  after  section  of  the  corpus  restiforme.  He 
decides  in  favor  of  the  centrifugal  cerebellar  path  of  Marchi, 


Fig.  613. — Descending  degeneration  in  the  spinal  cord  after  experimental  section 
of  the  corpus  restiforme.  (After  A.  Biedl,  Neurol.  C^ntralbl.,  Bd.  xiv,  1895, 
S.  441,  Fig.  1.)  Level  of  upper  cervical  cord.  Biedl  is  probably  wrong  in 
thinking  that  these  fibres  come  from  the  cerebellum. 

and  states  that  he  can  follow  it  from  the  uttermost  portion  of 
the  cervical  cord  almost  as  far  as  the  sacral  end  of  the  spinal 
cord.  One  bundle  runs  in  the  ventro  lateral  fasciculus  in  the 
area  corresponding  to  that  described  by  Marchi,  Loewenthal, 
Foster,  Schafer,  and  others.  The  other  bundle  descends  in  the 
funiculus  lateralis,  and,  he  asserts,  in  the  exact  area  occupied  by 
the  lateral  pyramidal  tract — a  very  important  finding  if  it  be 
confirmed  (Fig.  613).  lie  disagrees  with  Marchi,  however,  as  to 
the  way  in  which  the  fibres  get  from  the  cerebellum  to  the  cord. 
Whereas  Marchi  believes  that  they  pass  from  the  cerebellum 
by  way  of  the  brachium  pontis  through  the  fasciculus  longi- 
tudinalis  medial  is,  and  the  stratum  interolivare  lemnisci  to  the 


*  Biedl,  A.     Abstei^onde  Kloinhirnbahnen.     Neurol.  Centralbl.,  Leipz., 
Bd.  xiv  (1895),  S.  434,  493. 
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cord  B  edi  believes  that  they  go  from  the  cerebellum  to  the 
corpus  rest  forme  and  thence  partly  thro  gh  the  fasc  calus 
long  tud  Dal  3  b  t  ma  nlv  thro  gh  tlie  ventro  lateral  ground 
bundles   to  the  spinal  cord 

Thomas  in  Pans  baa  also  employed  March  a  method  and 
states  that  total  removal  of  the  cortex  of  one  cerebellar  hemi 
sphere  ca  ses  no  degenerat  on  i  the  s]  ii  al  cord  On  extirpation 
of  oneitlole  hem  s|  here  however  le  hnds  distinct  descending 
degenerat  on  in  tl  e  spinal  cord  of  the  same  s  de  in  the  ventro 
lateral  fasc  cnl  which  can  be  folio  ed  as  far  as  the  lumbar 
reg  on  He  softheojinio  that  these  bbres  ar  se  n  the  nucleus 
dentatua  and  that  tlcyiass  througl    Bechterewa  nucleus  and 
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the  nucleus  of  Deitpra,  and  tlience  by  way  of  the  formatio  retic- 
ularis 10   the   ventro-lateral    fasciculi  of    the  cord.       The  path 
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wonld  then  occupy  the  same  region  in  the  formatio  reticularis  aa 
does  tbe  bundle  which  we  know  descends  from  Deitere'  nucleus  to 


■  .-^., 
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the  spinal  cord;  Thomas  states  that  if,  along  with  the  lesion  of 
the  cerebellum,  the  nucleus  of  Deiters  and  the  nucleus  of  \oa 
Bechterew  be  injured,  the  deacendinp  degeneration  in  this  de 
Kending  tract  is  much  more  extensne  'llie  findings  of  Bast 
lewski  aft«r  section  of  tiie  corpus  restifornic  are  illustrated  in 
Figs.  614  and  C15. 

On  the  whole,  it  must  be  eonfoBswl  that  our  knowledge  of 
the  descending  cercbello-spiiial  [latlis  is  at  present  unsiitisfac- 
tory,  the  results  of  the  various  investigators  U'lng  markedly  con- 
tradictory. As  far  as  one  can  judge  from  the  mass  of  conflict- 
ing data  before  us,  it  seems  likely  tluit  a  certain  number  of 
fibres  descend  from  the  Internal  nuclei  tif  the  cerebellum  to  the 
cord,  and  possibly  a  few  axones  from  I'lirkinje  cells  in  the  cere- 
bellar cortex,  especially  since  Ramon  y  (^ujai  •  finds  a  few  aionea 
of  Purkinje  cells  jiassing  direcily  into  the  corpiiw  restiforme. 

It  seems  likelv,  howt^ver,  that  the  influence  of  the  cerebt-llum 
upon  the  sjiiual  cord  is  meiliated  mainly  by  menna  of  neurones 
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intercalated  between  the  cerebellum  and  the  cord.  These  inter- 
calated neurones  consist,  in  the  first  place,  of  those  having  their 
cell  bodies  situated  in  the  nucleus  nervi  vestibuli  lateralis  of 
Deiters,  and  possibly  in  the  nucleus  nervi  vestibuli  superior 
of  von  Bechterew,  and  (2)  those  having  their  cell  bodies  situ- 
ated in  the  nucleus  olivaris  inferior  of  the  two  sides.  Von  Kdl- 
liker  has  especially  emphasized  the  importance  of  the  nucleus 
olivaris  inferior  as  a  way-station  between  the  cerebellum  and 
the  spinal  cord.  We  know  now  that,  although  the  majority, 
perhaps,  of  the  fibrae  cerebello-olivares  consist  of  axones  arising 
from  cells  in  the  nucleus  olivaris  inferior  and  passing  to  the 
cerebellum  of  the  opposite  side,  a  certain  number  of  them 
consist  of  medullated  axones  arising  from  cell  bodies  situated 
in  the  cerebellum  of  one  side,  and  passing  across  the  raphe  to 
terminate  in  the  nucleus  olivaris  inferior  of  the  opposite  side 
(von  Kolliker,  Russell,  Biedl,  Thomas).  The  connection  be- 
tween the  nucleus  olivaris  inferior  and  the  spinal  cord  must  be 
made  by  means  of  the  fasciculus  ventralis  proprius  and  the 
fasciculus  lateralis  proprius.  The  so-called  olivo-spinal  bundle 
has  been  described  above.  In  Weigert-Pal  preparations  of  the 
medulla  of  the  newborn  babe  large  numbers  of  medullated  fibres 
can  be  seen  extending  between  these  fasciculi  proprii  of  the 
cord  and  the  hilus  nuclei  olivaris  inferioris.  How  manv  of 
these  fibres  pass  from  the  cord  to  terminate  in  the  olive,  and 
how  many  pass  from  the  olive-  to  terminate  in  the  cord,  it  is  as 
yet  impossible  to  say.  The  study  of  experimental  degenerations 
and  of  suitable  Golgi  preparations  must  be  relied  upon  to  give 
us  the  information  which  we  desire  upon  this  point. 


(D)  Those  the  Cell  Bodies  of  which  are  Situated  in  the  Mesen- 
cephalon and  Diencephalon. 

CHAPTER  LX. 

IXTEBMEDIART    AND    UPPER    MOTOR    NEURONES    (CONTINUED). 

The  path  from  the  superior  collicolus  to  the  spinal  cord — The  path  from 
the  red  nucleus  to  the  spinal  cord — The  fasciculus  tegmenti  centralis  or 
cenirale  Haubenbahn, 

That  the  lower  motor  neurones  stand  to  a  certain  extent 
under  the  influence  of  neurones  whose  cell  bodies  are  situated  in 
the  mesencephalon  there  can  be  but  little  doubt.  Reference  has 
already  been  made  to  the  fact  that  many  optic  neurones  and  au- 
ditory neurones  of  the  second  order  terminate  about  cell  bodies 
in  the  superior  colliculus  of  the  corpora  quadrigemina.  The 
aiones  of  these  cells  pass  down,  decussate,  and  sooner  or  later 
join  the  fasciculus  longitudinalis  medialis,  the  fibres  of  which,  as 
we  know,  come  into  contact  relation  with  the  motor  nuclei  of 
the  cerebral  nerves,  and  with  the  ventral  horns  of  the  cervical 
cord.  Fibres  from  the  nucleus  lateralis  superior  to  the  fasciculus 
longitudinalis  medialis  are  well  shown  in  Fig.  616.  In  this  way 
the  connection  of  the  corpora  quadrigemina  (and  of  the  retina) 
with  the  neurones  in  the  cervical  cord,  the  axones  of  which  pass 
through  the  rami  communicantes  to  the  sympathetic  and  lead  to 
alterations  in  pupillary  contraction,  may  be  explained. 

The  studies  of  Held  and  Tschermak  make  it  appear  that  this 
crossing  spinal  system  from  the  middle  and  deep  gray  matter  of 
the  superior  colliculus  of  the  coiT^ora  quadrigemina  forms  in 
large  part  the  decussatio  tegmenti  dorsalis  ( fontaineartige  Hnuh- 
enkreuzung  of  Meynert).  Having  crossed  the  raphe,  the  fibres 
lie  in  a  separate  bundle  which  goes  through  the  whole  brain 
stem  just  ventral  to  the  fasciculus  longitudinalis  medialis.* 
According  to  Held,  collaterals  are  given  off  on  the  way  to  the 
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dee]>  gray  matter  of  the  superior  colliculns  and  to  the  stratum 
griseiim  centrale  of  the  same  aide,  and,  by  way  of  the  dorsal 
commissure,  to  the  opposite  side.  Collaterals  are  also  sent  into 
the  nucleus  nervi  oculomotorii  of  each  side,  and  to  the  nncleus 
nervi  trochlearis  and  nuclei  nervi  abducentis  of  the  opposite  side. 
Tachermak  has  found  that  the  distal  aiones  here  concerned  give 
off  also  collaterals  lateralward  to  the  cells  of  the  formatio  reticu- 
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laris,  especiallv  to  the  nucleus  centralis  modius  and  the  nucleus 
centralis  intenor  Some  collaterals  cross  the  raphe  to  the  same 
nucleus  of  the  other  side  T  ower  down  the  bundle  concerned 
comes  to  occupv  the  ventral  part  of  the  fissural  portion  of  the 
ventral  funiculus,  and  exhausts  itself  bv  giving  oft  collaterals  and 
terminals  to  the  colnmna  gniea  vcntralis  of  the  same  side  but 
partly  bv  sending  axones  through  the  commisaura  ventralis  alba 
to  terminate  in  the  contralateral  cf  lumna  gnsea  ventralis.  The 
longest  stem  fibres  f  f  the  neurone  B\stem  bore  under  considera- 
tion reach  as  far  donii  as  the  lower  part  of  the  pars  lumbalis. 
It  seems  likelv  that  f  oenenthaj  s  marginal  fasciculus  is  identical 
with  the  sistem  here  de  cnbtd 

A  lerv  interesting  sorui  of  experiments  is  that  made  bj  Bojce.* 


•  lkn.1   R     Vcurol  (.uitrulbl    Uipz  (ItiM)  b  466 
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He  made  hemisection  of  the  midbrain  at  the  level  of  the  third 
nerve  in  cats,  and  found,  by  Marchi'e  method,  descendiug  degen- 
eration through  the  dorsal  tegmental  decussation  of  Meynert 
into  the  bundle  which  runa  just  ventral  to  the  fasciculus  longi- 
tndinalie  mediatis  of  the  opposite  side.  He  followed  these  fibres 
down  into  the  fissural  part  of  the  ventral  funiculus  of  the  cord 
as  far  as  the  pars  thoracalia. 

Boyce  also  found  degeneration  through  the  ventral  tegmen- 
tal decussation  of  Fore! ;  further  down,  degenerated  fibres  at 
first  dorso-Iateral  from  the  lemniscus  medialis,  passing  through 
the  region  traversed  by  the  stem  of  the  facial  nerve ;  then  ventral 
from  the  tractua  spinalis  nervi  trigemlni,  and  dorsal  from  the 


I8M.8.  487,  Fig,  1.,     

Dales:  A. 'tetKi^nding dcEt'iii 

descendJDg  degeneration  «f  tne  Di 

the  tlccussatio  togmonti  dnrsilig  .iifyneni ' :  n.  (ickc 

the  flbrea  of  the  fawiculuii  lateralis  1  rn>tn  the  ili-cuw 

Foreli);   r,  degeneration  of   thu   raiiis   denceuilcoi 

trigeminl. 


'iiding  degcneratiiin  urthe  d 

itiun  uf  theGux'ii'iitng  hmgitudinalis  nK^lialio:  1 

■" "  ""        '"  [■  fHSficulua  ventrci-latjTHliB  Ifnji 


(musvuccplialica)    N. 


naclens  funiculus  lateralis  into  the  spinal  cord,  where  the  fibres 
lay  just  in  front  of  the  degenerated  lateral  pyramidal  tract. 
The  degenerated  fibres  could  be  followed  us  far  [is  the  lumbar 


1 


•■;i« 
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cord.     The  findings  in  Bojce's  cases  are  well  illustrated  in  Figs. 
617.  613,  and  619. 

It  seems  Ukelj,  as  Tschermak  suggests,  that  Bojce's  bundle 
from  the  dorsal   tegmental  decuBsation    corresponds  to  Held's 


5^M-"* 


Fio.  HIS. — Sn'titiii  AhowiuK  [l('g('Ui.'mtii>ii  uC  llii'  dii-iixiBtii)  pyntmidum  afUT 
nmovBl  of  tbe  U'ft  lieniiMphirt.  i.^ftirE.  Biiyci-,  Neunil.  (.^Dtralhl,.  LripE.. 
fid.  ziii.  18M,  S.  466.  l>*ig.  i.)    a,  deRuiiitmti'iii  uf  pyraniu.  Ipft  side ;  a .  dts- 

rnrmtiiiii  uf  fibrcB  in  tbe  n-sluii  uf  thu  bscicutun  (i-n-hni-ipinalu  ventralisi 
flhTCN  tVoni  the  bHriculna  loiifcitudJiMlU  DicdialiH'  c,  flhn-g  to  the  Gucicnltu 
Tuntro-latvnlix  <niilu  tlic  deciuuulio  tegmenti  dursalis  Mvyiierti). 

crossing  spinal  system  from  the  superior  colliculus  to  tbe  ventral 
horns.  Boyce's  fibres  from  the  ventral  tegmental  decussation 
probably  correspond  to  (1)  the  crossing  descending  system  from 
the  red  nucleus;  (3)  tbe  crossing  descending  system  from  the 
nucleus  centralis  superior  and  the  nucleus  lateralis  superior. 

The  crossing  descending  spinal  system  from  the  nucleus 
ruber  of  the  tegmentum  connects  the  nucleus  ruber  with  the 
spinal  cord.  The  axones  arise  from  perikaryons  in  the  nucleus 
ruber.  They  then  pass  through  the  decussatio  tegmenti  ventralia 
Foreli,  and  come  then  to  be  situated  ventro-lateral  from  the 
nucleus  ruber  of  the  other  side  (Held,  Kamon  y  Cajal),  At  the 
level  of  tbe  colliculus  inferior  the  axones  of  this  system  lie 
among  the  fibres  of  the  medial  part  of  the  lemniscus  lateralis. 
Further  spinalward  these  fibres  occupy  a  region  situated  between 
the  tractuB  spinalis  uervi  trigemini  and  the  nncleuB  olivaris 
superior.  In  its  descent  through  the  medulla  this  descending 
system  from  the  red  nucleus  is  mixed  up  with  the  fibres  which 
ascend  in  Gowers'  tract.  The  fibres  pass  into  the  region  of  the 
mednlla,  which  porrespouds  to  the  upward  continuation  of  the 
ventro-lateral  funiculi  of  the  cord.     The  fibres  of  the  descending 
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systein  from  the  red  Ducleae  are  situated  somewbat  laterally  in 
the  bundle,  but  medio-ventrallj  as  regards  the  tractiis  spiDalis 
Dervi  trigemlDi,  and  lower  down,  lateral  from  the  nucleus  funiculi 
lateralis.  In  the  funiculus  lateralis  of  the  spinal  cord  these  fibres 
assume  in  the  cross  section  the  form  of  a  comma  lying  medial 
from  the  direct  cerebellar  tract  in  the  lateral  part  of  the  area 
corresponding  to  the  fasciculus  cerebro-spioalis  lateralis.  The 
comma  extends  from  the  dorsal  horn  ventralward  as  far  aa  the 
region  of  Gowers'  tract.  The  bundle  is  gradually  exhausted, 
owing  to  the  giving  o9  of  collaterals  and  terminals  to  the  sub- 
stantia grisea,  especially  to  the  lateral  horn  and  the  central 
zone  of  gray  matter.  The  longest  fibres  reach  as  far  down  as 
the  pars  lumbalia  medullffi  spinalis.  This  bundle  probably  cor- 
responds to  that  described  by  Ferrier  and  Turner  as  descending 
from  the  nucleus  lemnisci  lateralis.  It  appears  to  have  been 
degenerated  also  in  Bledl'a  cases.     Tschermak  is  of  the  opinion 


Fio.  619, — Sections  through  the  iipmr  purt  of  the  rrrvical  gpinal  cord.  (After 
B.  Bo^ce.  MeURil.  Ceiitnlhl..  Li-ipz..  Bil.  xiii.  ISM.  8.  409.  Fi);.  3- 1  I.  De- 
gsncmtion  afU-r  removal  uf  tlit  loft  hemUphcn..  riglit  side  ;  a.  dcxencralioD 
of  fibres  in  the  rej(ioii  of  the  fiuwiculus  tcnihru-Hpiimlis  lartralia  :  c.  dexi'Dora- 
tion  <if  flbres  of  the  fawii'ulus  veiilro-lateislis  Ifnim  the  di'i-uasatiu  tciiiDi-nti 
donBliaHefncrti) :  d,  di'fn-ni-iHtiun  of  fibres  or  the  fasciculus  lateralis  I  from 
the  deonwatio  U'gnu'nti  iTnlrali*  Foreli).  II.  Di'KPneiBtiou  aftsr  rcniovBl 
of  the  motor  zone  of  the  Iclt  hemisphere,  rifiht  side  ;  a,  dcgeucratiou  of  the 
fibres  uf  the  liuiciriilus  ['crehro-spinalis  lateralis.  III.  Deguneratiou  aRer 
removal  of  the  left  heniiiqihere.  left  side  ;  no  dt'^ene ration  of  the  fasciculua 
cerehro-spinalii>  latetalis ;  b.  dDKeiieistion  of  fibres  fnim  the  fHscteulug  longi- 


tudin 


is  medial iH 


I  of  their  derussation. 


L  of  fibru 


uf  the  fasciculus  lateralis,  secdon 


that  in  Baailewski's  case,  and  in  the  experiment  of  Sakowitscb 
reported  by  Bechterow,  this  bundle  from  the  red  nucleus  was 
also  degenerated. 

The  view  that  from  the  diencephalon  axones  pass  downward 
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which  can  influence  the  motor  nuclei  has  met  with  general  ac- 
ceptance, though  in  just  what  portions  of  the  corpus  striatum 
and  thalamus  the  cell  bodies  of  these  neurones  are  situated, 
and  in  what  tracts  their  medullated  axones  pass  downward, 
whether  in  the  tegmental  tract  or  in  the  bundles  of  the  basis 
pedunculi,  we  are  as  yet  almost  completely  ignorant.  Von  Mon- 
akow  assumes  that  all  thalamic  tracts  are  corticopetal,  and  that 
the  thalamus  does  not  represent  a  motor  centre  intercalated 
between  the  cortex  and  the  lower  motor  centres. 

Von  Bechterew  and  Flechsig  have  described  as  descending 
from  the  diencephalon  a  special  bundle  which  they  call  the  cen- 
trale  Hanhenbalui,  I  have  referred  to  it  in  various  illustrations 
of  the  region  through  which  it  passes  as  the  fasciculus  tegmenti 
centralis.  There  seems  to  be  some  doubt  as  to  whether  it  has  its 
origin  in  perikaryons  in  the  thalamus  or  in  the  nucleus  lenti- 
formis.  The  bundle  is  easily  isolated  by  the  method  of  myelini- 
zation,  as  the  fibres  are  medullated  very  late.  It  has  also  been 
described  degenerated  in  a  recent  case  studied  by  von  Bechterew. 
Thus  far  studies  by  Golgi's  method  of  this  fasciculus  are  wanting. 
It  appears  to  terminate  in  the  nucleus  olivaris  inferior.  Its  posi- 
tion in  the  central  region  of  the  pars  dorsalis  pontis  gives  it  its 
name.  [For  figures  illustrating  the  fasciculus  tegmenti  centralis 
the  index  should  be  consulted.] 


(B)  Those  the  Cell  Bodies  of  which  are  Situated  in  the  Telen- 
cephalon (Pallium  and  Rhombencephalon). 

We  have  mach  more  exact  information  concerning  the  neu- 
rones which  throw  peripheral  motor  neurones  under  the  influ- 
ence of  the  pallium.  These  may  be  divided  into  (a)  neurones 
with  medullated  axones,  making  up  the  fibres  of  the  pyramidal 
tract;  (b)  neurones  with  medullated  axones  corresponding  to  the 
frontal  cerebro-corticopontal  path  ;  (c)  neurones  with  medullated 
axones  corresponding  to  the  temporal  cerebro-corticojM^ntal  path  ; 
(d)  neurones  which  possibly  connect  the  occipital  region  of  the 
cortex  with  the  lower  motor  neurones ;  and  (e)  neurones  con- 
necting the  olfactory  region  of  the  cortex  with  the  lower  motor 
neurones. 

CHAPTER    LXI. 

THE    PYRAMIDAL   TRACT. 

The  motor  area  of  the  cortex — Perikaryons  and  <l<fn<lrit«*?< — T'ourse  followed 
by  the  axones — fJeoussatio  pyramMum — F'a>ciciilu-  ^•♦fri-hr«»-^|»inali'*  lat**- 
ralis — F'asciculus  efrehr«>-sj»inalis  vfnfrali'i — Sni«li«-'i  by  \\u-  ♦•mbrvoloj:- 
ical  method  of  Fler-h>»isr — Physinlogieal  (^xjnTiiucnx  irK-lmlini^  i\*'i\r'u't\\ 
stimulation — Se<*rtn<lary  degenerations  of  the  f»ynt!iii«ial  tra^r — Stii<li«"* 
by  Golgi**  method- 

1.  Those  tlM  AxoBM  of  whieh  Corrcopoiid  to  the  Faodenli  Cerabro^nalei  or 

Pyramidal  Tract. 

(Ad  n.)  The  neurone?  with  axones  corn-.^jjorulin;:  to  thf  fibrfH 
of  the  pyramidal  tract  have  bf<;n  most  r-arr-fully  iriv#*.atitraterl.  and 
are  the  best  nnder-ito<^><^i  of  all  the  neurones  now  under  eouf'idera- 
tion.  Their  cell  b^^Mlie?  are  situated  in  the  ■•o-ealled  motor  ar^fa 
of  the  cortex  (zone  itiotrire  of  r}iar<"ot).  Their  axonen  ext/'nd 
from  this  situation  to  the  motor  niulei  of  th**  <^-erehral  nerves  and 
to  the  cell  IxMlie?  of  th^  j^Krripheral  motor  ti'-u rones  .situated  in 
the  spinal  cord,  some  of  them  rea^hiriir  a-  far  jih  the  htwt'VXiKtfX 
portion  of  the   sacral    spinal    cord.     Tbfis   Home  of   the  motor 
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ftxones  are  among  the  longest  of  cell  processes  occurring  in  the 
body.* 

The  motor  area  of  the  cortex,  corresponding  to  the  situation 
of  the  cell  bodies  and  dendrites  of  the  neurones  we  are  now  de- 
scribing, includes  the  anterior  and  posterior  central  gyri,  the  feet 
of  the  superior,  middle,  and  inferior  frontal  gyri  on  the  external 
surface  of  the  hemisphere,  and  the  lobulus  paracentralis  on  the  in- 
ner surface  of  the  hemisphere.  It  will  be  immediately  noticed  that 
this  area  corresponds  closely  to  the  region  of  the  cortex  in  which 
terminate  the  axones  of  the  central  sensory  neurones  which  carry 
impressions  from  the  periphery  of  the  body,  muscles,  and  internal 
organs  to  the  cerebral  cortex.  Indeed,  the  motor  area  corre- 
sponds more  or  less  closely  to  what  has  above  been  designated  as 
the  "  somaesthetic  area  "  of  the  cortex  (KdrperfiihlsJtdre  of  Munk, 
Tastsphdre  of  Flech8ig).f  In  this  area  are  situated  many  millions 
of  cortical  pyramidal  cells,  each  supplied  with  one  main  strong 
apical  dendrite  running  out  to  branch  more  or  less  freely  in  the 
molecular  layer  of  the  cortex,  with  dendrites  of  smaller  size  com- 
ing off  from  the  angles  at  the  base  of  the  pyramid,  and  with 
an  axone  which  soon  becomes  medullated  and  runs  into  the  white 
matter  to  form  one  of  the  constituent  fibres  of  the  centrum  semi- 
ovale  of  the  hemisphere.  By  no  means  all  of  the  pyramidal  cells 
situated  in  the  motor  area  belong  to  the  group  of  neurones  which 
we  are  just  now  considering.  Besides  large  numbers  of  Golgi 
cells  of  Type  II  of  local  significance,  and  cells  with  axones  ascend- 
ing to  pass  out  toward  the  surface  of  the  cortex  (cells  of  Martin- 
otti),J  a  great  number  of  these  cells  represent  the  neurones  of 
association  systems  connecting  neighboring  gyri,  gyri  at  a  dis- 
tance from  one  another  in  the  same  hemisphere,  and  gyri  in  one 


♦  Strictly  speaking,  the  pyramidal  tract  does  not  include  the  axones  going 
to  the  nuclei  of  the  cerebral  nerves,  but  only  those  going  through  the  pyra- 
mids of  the  medulla  to  the  spinal  cord.  The  tendency  is  becoming  general, 
however,  to  extend  the  term. 

f  Tamburini  has  stated  as  a  general  law  that  motion  and  sensation  are 
represented  together  in  the  pallium,  and  Golgi  has  strongly  supported  a  sim- 
ilar view. 

t  Martinotti,  C.  Di  alcuni  nuovi  gruppi  di  cellule  cerebrale  siniili  ai 
cosidetti  granuli  del  cervelletto.  Ann.  di  freniat.  e  sc.  aff.,  etc.,  Torino 
(1888-*H9).  i,  pp.  221-226.— Contributo  alio  studio  dellacorteccia  cerebrale,  ed 
aH'origine  centrale  <l('i  nervi.  Ann.  di  freniat.,  etc.,  Torino,  vol.  i  (1888-'89), 
pp.  314-832.  Transl.  in  Internat.  Monatschr.  f.  Anat.  u.  Physiol.,  Leipr.., 
m.  vii  (18JK)).  S.  69-90. 
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Fig.  ISO.  — Large  iiyriniiiiiil  11IK  ..|  >h,-  .>.i 
457.  riff.  41T.  41^,  I 
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hemiaphere  with  those  of  the  other.  Indeed,  only  a  relativelv 
SDiall  number  of  pyramidal  cells  in  the  motor  area  of  tlie  cortex 
represent  cell  bodies  of  neurones,  the  axones  of  which  pass  down- 
ward through  the  cerebrospinal  axis  to  come  into  conduction  re- 
lation with  the  lower  motor  neurones.  The  cell  bodies  of  these 
pyramidal  cells  are,  as  a  rule,  of  rather  larger  size  than  their 
neighbors,  and  include  the  large  pyramidal  cells  (Fig.  C^O)  de- 
scribed by  Bevan  Lewis  and  by  Ilammarberg  and  the  so-called 
giant  pyramidal  cells  met  with  iu  these  regions  (Fig.  Gil),  espe- 
cially those  gigantic  cells  in  the  lobulus  paracentralis  {Jiiesen- 
pyramidemellen  of  Betz)  the  axones  of  which  have  to  run  the 
longest  distance  (to  the  lumbar  and  sacral  cord)  (Fig.  Ci-ii).  The 
structure  of  the  cortex  of  the  gyrus  centralis  anterior  is  repre- 
sented iu  Fig.  6-^3. 


Fid.  Ii;jl. — DiaRrani  shriwinti  iKitiilinii  nnd  niimbi'r  oriiHiit  pyraniiilHl  rellH  in  the 
KyniH  .I'nIniliH  aiiti'riiir  cif  a  niHii  fnrtv-rhn'r.'  vrur^  olil.  <  Alter  A.  vuu  Kol- 
Ukcr.  HaiKllxu'h  .Ut  (h'wclH'lrhn-,  Bd,  ii.  S.  ftW.  Fir.  730.) 

The  exact  relations  of  the  cells  in  this  area  to  one  another  and  to 
incoming  fibres  have  been  carefully  worked  out  by  Bevan  Lewis,* 

"Lewis,  B.  On  theCoiiipHrative  .Stnicliircof  thpCortPuCerehri.  Brain, 
vol.  i  (187tt-'79>,  pp.  78-06 —Lewis.  II.,  and  H.Clarke.  The  Cortical  Lam- 
ination of  the  Motiir  Area  of  the  Kraiii.  I'roo.  Riir.  Soc.,  Lond.,  *ol.  iirii 
(1878),  pp.  38-111.— Lewis,  W.  B.     Researches  on  the  Comparative  Structure 
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Oolgi,"  Ramon  y  C'ajal.t  Hammarberg,  E.  A.  Sohafer,  Andriez- 
zen,  von   KulHker,  and   others.     The  cell   bodies  with  axones 
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at  the  CorteJi  Cerelih.     Phil.  Trans.  Rov.  Siic.,  I^nJ.,  voi.  di\i  (1880).  pt.  i, 
pp.  35-64. 

*  Gol^i,  C.  Sulla  Aim  anatomia  degti  organi  cenlrali  dul  sislotna  nerroso. 
SliJBiio.  1886(1883).  nocpli.8'o.  p.  214. 

t  RKinun  y  Cujal.  S.  Snbrp  In  exlHlcncia  ()e  ci'liilaa  nervkisas  cspe<'i&Ieii 
en  k  primiira  capa  de  las  cireiinvoiuL-ioni-s  t*n'brales.  Gat;,  iiu^i.  eaUI. 
Bareel.,  vol.  xiii  (1890).  pp.  T3T-T3R.— Sot>re  la  exbteni-ia  tie  bitunoviones  y 
olsterales  en  los  nervios  ^ensjlivos  erancalps  y  sustaiicia  blanra  ilt-l  cerebri). 
Gac.  wn.  lie  Harocl.,  vol.iLi-(l80n-'»l).  pp.  283-284,  anJ  in  I'ron.  med-.Valen- 
pia.  vol.  liv  (18(11),  pp.  3:10-232.— EI  nucTo  poncepto  de  la  hislolngia  do  los 
centros  nerviomiq.  liev.  de  cien.  mod.  de  Dnrcel.  vi^l.  xviii  (1893).  pp.  361- 
-■J76:  4S:-4T(i. 
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From  the  internal 
axones  are  continui 
the  cerebral  pediin 
(roughly  speaking) 

*  Flechsig.  I*.  I'el 
des  contnilen  Kervpi 
ticzQglich  drs  Ziisninmi 
NervenfRsern.  Arth. 
Abthritiine,  I.^ip/-  (IHJ 
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then  plunge  into  the  substance  of  the  pons,  making  up  in  it  a 
large  proportion  of  the  fasciculi  longitudinales  of  the  pars  basi- 
laris  pontis,  being  separated  from  the  surface  by  the  fibrse  pontis 
superficiales.  In  the  midbrain  and  in  the  pons  a  number  of  the 
axoues  terminate,  coming  into  direct  contact  relation  with  the 
cell  bodies  and  dendrites  of  the  lower  motor  neurones  situated  in 
the  nucleus  nervi  oculomotorii,  nucleus  nervi  trochlearis,  nuclei 
motorii  nervi  trigemini,  nucleus  nervi  abducentis,  and  nucleus 
nervi  facialis.*  Some  fibres  go  into  the  nuclei  of  the  same  side, 
but  the  majority  go  into  the  nuclei  of  the  opposite  side.  The 
exact  place  where  the  fibres  of  these  nuclei  leave  the  main  bun- 
dles, and  the  exact  paths  which  they  follow  to  the  nuclei,  have 
not  as  yet  been  fully  determined,  but  already  a  certain  amount  of 
valuable  information  bearing  upon  these  points  has  been  obtained 
{vide  infra).  The  statement  that  nerve  fibres  from  these  bundles 
do  pass  to  these  nuclei  is  based  mainly,  but  not  solely,  upon  clini- 
cal experience,  physiological  experiment,  and  analogy. 

As  these  axones  pass  through  the  pons  they  give  off  numer- 
ous collaterals  which  terminate  in  the  nuclei  pontis. 

Leaving  the  pons,  the  axones  are  continued  through  the 
medulla  oblongata,  forming  there  the  well-known  fasciculi  pyra- 
midales,  which  correspond  on  each  side  to  the  pyramis  medullae 
oblongatae,  as  seen  from  the  surface.  The  fact  that  the  fibres  in 
the  cord  represent  the  continuations  of  those  which  make  up  the 
pyramids  of  the  medulla  oblongata  gave  rise  to  the  name  "  py- 
ramidal tract."  This  term  was  not  derived  from  the  pyramidal 
cells  in  the  cerebral  cortex,  as  some  have  erroneously  thought. 

In  the  medulla  the  bundle  of  axones  on  each  side  diminishes 
in  volume  owing  to  the  exit  of  fibres  which  run  to  the  groups 
of  cell  bodies  and  dendrites  of  peripheral  motor  neurones  situ- 
ated in  this  region — namely,  to  the  nucleus  ambiguus  (nuclei 
motorii  glossopharyngii,  X.  vagi  et  N.  accessorii)  and  the  nucleus 
hypoglossi. 

In  the  lower  part  of  the  medulla  oblongata,  just  above  the 
cervical  cord,  the  majority  of  the  fibres  of  each  bundle  cross  over 
to  the  opposite  half  of  the  neural  axis,  giving  rise  to  the  well- 
known  flecussatio  pyramidnm  (Fig.  024).    This  decussation  does 


*  We  have  already  referred  to.  and  shall  farther  on  again  point  out,  the 
fact  that  fibres  to  the  nuclei  of  the  motor  eerehral  nerves  are,  strictly  speak- 
ing, to  be  separated  from  the  fibres  going  to  the  spinal  cord. 
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Dot  occur  all  at  one  spot,  but  extends  for  a  distance  of  uboiit 
one  cm.,  taking  place  io  auccessive  bundles.  The  fibres  wbicli 
cross  from  one  side  to  the 
other  plunge  through  the 
gray  matter  of  the  ventral 
horn  into  the  lateral  funicu- 
lus of  the  opposite  side,  giv- 
ing rise  to  the  fasciculus 
cerebro  -  spinalis  lateralis  of 
the  opposite  half  of  the  spi- 
nal cord.  A  certain  propor- 
tion of  the  fibres  do  not 
crosa  but  go  down  on  the 
same  side  of  the  cord,  the 
majority  of  them  in  human 
beings  occupying  a  region  of 
the  ventral  funiculus,  form- 
ing the  so-called  funiculus 
cprebro  -  spinalis  ventralis. 
Some  of  the  fibres,  however, 
run  down  on  the  same  side 
in  the  fasciculus  cerebro-spi- 
nalis  lateralis,  so  that  in  the 
spinal  cord  the  fasciculus 
cerebro-spinalis  ventralis  is 
an  uncrossed  bundle,  while 
the  fasciculus  cerebro  -  spi- 
nalis lateralis  is  in  the  main 
a  crossed  bundle,  but  con- 
tains a  certain  number  of 
uncrossed  fibres. 


Fid.  (K4.~Si-hi-nii>  >ili.i«-i 

prnnnidiim  Ht  tlii'  lowi-r  |nrt  or  lli(^ 
inc<lii)U  ubliiUKata,  (.^flvr.^.  van  (.ii- 
hiiditpu,  Anut'iniii'  ilii  Bystcmi-  ncrvi-iiji 
lie  rhomim-.  IHflT.  Fift.  MS.  p.  Hll.) 
fpga,  Guwii-ulug  ii'rrhro-BpinaliH  vcii- 
tnlJH:  ffiil.  fiuK'tt'iTliu  ■■rn'hrii-MpiiuiliH 
latvKliK;    Nil.   nui'li-UH  ambiKUUN ;    hi. 


riK  inrcriiir  :  on.  iiirpUHivHllf'iniip  ; , 
pynniis  nuilullH-  [ibliiiifMtu- ;  X. 
vukun:  XII,  N.  hypiitcliiHHiis. 


There  has  been  a  great  deal 
of  discussion  during  the  past 
few  years  concerning  the  de- 
cussation of  the  pyramidal 
fibres.  The  view  ijenerally  held  until  recently  was  that  all  of  the 
fibres  of  the  lateral  pyramidal  tract  were  crossed  fibres  which  termi- 
nated in  the  ventral  horns  of  the  same  side,  and  that  all  of  the  fibres 
in  the  ventral  tract  (direct  pyramidal  tract)  were  uncrossed  fibres. 
whicli.  however,  criissed  immediately  or  shortly  before  their  termi- 
nation by  |>assiiig  tlin>ugh  the  ventral  white  oonmjisaure  to  end 
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in  the  ventral  homs  of   the  opposite  side.     According   to   this 
view  there  was,  therefore,  ultimately  a  complete  decussation  of  the 
pyramidal  tract  fibres ;  that  is  to  say,  all  the  fibres  from  the  pallium 
to  one  side  of  the  spinal  cord  came  from  the  opposite  half  of  the 
brain,  a  view  which  was  supposed  to  agree  entirely  with  clinical 
observation  and  pathological  findings.     In  1881  and  1882,  however, 
Pitres  found,  after  unilateral  cerebral  lesion,  besides  the  degenera- 
tion in  the  opposite  lateral  tract  in  the  cord  (heterolateral  bundle),  a 
feeble  degeneration  in  the  fasciculus  cerebro-spinalis   lateralis  of 
the  same  side  (homolateral  degeneration).    In  an  article  published 
in  1884  he  makes  the  statement  that  his  homolateral  degeneration 
could  be  made  out  in  no  less  than  ten  of  forty  cases.    These  studies 
of  Pitres  have  been  confirmed  by  other  pathologists.    In  addition, 
a  large  number  of  experiments  on  animals  are  in  agreement  with 
his  observations ;  thus  Franck  et  Pitres,  Moeli,  Sherrington,  Mel- 
ius, Fiirstner  and  Knoblauch,  Unverricht  and  Kusick,  Sandmeyer, 
F.  W.  Mott,  MuratoflF,  Rothmann,  Wertheimer,  and  Lepage,  after 
cortical  lesion  experimentally  produced,  have  studied  the  cord  for 
secondary  degenerations.     All  are  agreed  that  besides  the  abundant 
heterolateral  degeneration  more  or  less  homolateral  degeneration 
also  occurs.    It  is  to  be  remembered,  however,  that  in  the  animals 
below  man,  so  far  investigated,  except  in  the  monkey,  no  ventral 
pyramidal  tract  exists ;  all  the  pyramidal  tract  fibres  of  the  cord 
must  run  down  in  the  lateral  funiculus,  and  it  has  been  assumed 
that  the  fibres  which  degenerated    homolaterally  in  animals  cor- 
respond to  the  fibres  which  in  man  run  down  in  the  ventral  funicu- 
lus.    Hallopeau's  suggestion  that  the  degeneration  of  the  homolat- 
eral bundle  depended  upon  pressure  effects  exercised  by  degenerating 
fibres  of  one  side  at  the  level  of  decussation  in  the  medulla,  has 
been  supported  to  a  certain  extent  by  the  experiments  of  Rothmann. 
This  observer,  operating  upon  a  dog  and  a  monkey,  found,  after  uni- 
lateral lesion  of  one  motor  zone,  degeneration  always  in  both  py- 
ramidal bundles  in  the  spinal  cord  in  accordance  with  what   had 
been  established  by  previous  investigators.    Restates, however,  that 
the  degeneration  is  permanent  in  a  crossed  track,  but  in  the  homo- 
lateral bundle  is  temporary,  lasting  only  about  two  months — that  is, 
as  long  as  pressure  effects  would  probably  be  exerted  at  the  level  of 
pyramidal  decussation.     The  homolateral   degeneration   in   man, 
however,  is  permanent  but  Rothmann  suggests  that  this  may  be 
the  result  of  defective  nutrition,  since  in  human  beings  sponta- 
neous cerebral  lesions  are,  as  a  rule,  of  vascular  origin,  and  the  nu- 
trition of  the  brain  may  be  insufficient  to  repair  the  loss  in  the 
homolateral  fibres  accidentally  produced  by  the  pressure  at  the  level 
of  decussation  in  the  medulla.    The  ingenious  experiments  of  Wert- 
heimer and  Lepage  make  it,  however,  seem  probable  that  in  the 
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dog  there  are  actual  homolateral  fibres  in  the  lateral  column. 
They  found  that  after  cutting  through  the  left  half  of  the  cervical 
cord  excitation  of  the  motor  area  in  the  right  cortex  led  to  move- 
ment of  the  extremities  of  the  right  side.  In  the  second  place, 
when  they  cut  through  the  left  half  of  the  medulla  above  the  pyram- 
idal decussation  and  again  stimulated  it,  the  motor  area  of  the 
right  side,  they  could  produce  movements  in  the  left  hind  leg. 
Again,  on  cutting  through  the  left  half  of  the  cord  below  the  de- 
cussation at  the  level  of  the  first  cervical  nerve,  movements  in  the 
right  leg  could  be  produced  by  electric  stimulation  of  the  sigmoid 
gyrus.  To  answer  the  objection  that  instead  of  innervation  of  the 
right  foot  by  homolateral  fibres  the  connection  might  be  made  by 
fibres  which  crossed  twice  between  the  two  planes  of  hemisection, 
they  made  a  longitudinal  section  of  the  medulla  and  found  that 
excitation  of  the  motor  area  on  the  right  side  was  still  followed  by 
movements  in  the  right  hind  foot.  While  the  objection  with  regard 
to  pressure  effects  at  the  level  of  decussation  must  be  carefully  con- 
sidered, the  evidence,  I  think,  is,  on  the  whole,  sufficient  to  justify 
the  statement  that  both  heterolateral  and  homolateral  fibres  exist 
in  the  spinal  cord,  both  of  man  and  animals,  in  the  fasciculus 
cerebro-spinalis  lateralis.  Indeed,  it  would  be  surprising,  when  one 
thinks  of  it  and  considers  the  nature  of  the  impulses  which  set  out 
from  the  cortex,  if  such  a  double-sided  innervation  did  not  exist. 

The  fasciculus  cerebro-spinalis  lateralis  occupies  in  the  car- 
vical  cord  the  large  area  in  the  postero-medial  region  of  the 
lateral  funiculus.  It  diminishes  rapidly  in  volume  as  it  descends 
the  cord,  being  very  much  smaller  in  the  thoracic  than  in  the 
cervical,  and  in  the  lower  lumbar  than  in  the  thoracic  cord.  In 
the  lower  part  of  the  cord  it  comes  to  lie  adjacent  to  the  periph- 
ery, while  in  the  cervical  and  thoracic  cord  it  is  separated  from 
the  periphery  by  the  medullated  axones  which  go  to  make  up 
the  fasciculus  cerebro-spinalis  previously  described. 

The  diminution  in  volume  as  the  cord  is  traversed  depends 
upon  the  fact  that  at  the  different  segments  constituent  fibres  of 
the  bundle  turn  into  the  gray  matter  to  end  there.  The  greatest 
loss,  as  one  would  expect,  occurs  in  the  region  of  the  cervical  and 
lumbar  enlargements  in  which  are  situated  dendrites  and  cell 
bodies  of  the  peripheral  motor  neurones  which  govern  the  move- 
ments of  the  upper  and  lower  extremities  respectively.  Below 
the  lumbar  enlargement  the  number  of  fibres  is  small,  but  a 
certain  number  can  be  traced  to  the  lowermost  portions  of  the 
sacral  cord. 

The  fasciculus  cerebro-spinalis  ventralis  also  diminishes  in 
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Tolatne  as  the  cord  ia  descended,  and  in  it  too  tlie  loss  ia  greatest 
at  the  levels  of  the  cervical  enlargement,  the  fasciculus  being 
entirely  exhausted  on  the  thoracic  cord.  The  statement  that  the 
fibres  of  the  ventral  pyramidal  tract  cross  over  just  before  ter- 
minating through  the   anterior  commissure  to  end  in  the  ven- 


FartfnntalU  captutae  in 
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Tin.  025.— Hurizunlal  sectiou  through  brain  at  Ivvtl  of  iiMH'niiiiKl  inrl  iir  itMiiu 
[ulliduii;  uewbum  bahe.  ht.  isput  iiudi-i  miKUll;  thn,  thiilHiiiiiK ;  III, 
patamun.  Jiutt  medial  to  the  lalU'r  in  wu-ti  the-  llii  i>r  llii'  |il<'l>i">  IHilKiliii 
inucleua  luntiformia  IIi.  'After  P.  Kl™h»i)(,  An:li,  f.  Alial,  ii,  niy-l"!., 
Anat.  Abtb.,  Li'ipz.,  ISSl.  Taf.  iii,  Pig.  H.i 

tral  horn  of  the  opposite  side,  has  been  vigoniuNly  roinlmtiMl  liy 
TOD  Lenhossek.  This  investigator  liiia  iiiuihi  a  <<Hn'riil  ulinty  i>r 
the  spinal  cord  of  two  humau  embryos-  orio  tliirly-lhrw,  111" 
other  thirty-five  centimetres  long,  lie  Htiili'ii  lliitt  hi>  I'iMild  iikvit 
find  axones  from  the  ventral  pyraniiihil  Imi'l.  i'IiIitIiik  lb(>  ven- 
tral commissure.  lie  believes  that  they  till  run  In  lo  lornilrmti' 
in  the  gray  matter  of  the  ventral  hern  i>t  th«  khmih  vhlti;  lliiit 
is,  that  the  path  from  the  motor  iiroii  of  tlin  )iallliini  In  ill" 
ventral  horn  cells  h  thrnughoiit  dirmt  iitid  iiin'roMixl,  \'«ii 
Cohuchten  has  made  the  objection  that  at  tliU  pnloil  of  (Ixvxl- 
opment  of  the  human  fo-tux  the  fibriix  iit  l.lix  vi'iilriil  pyiwil'lul 
tract  are  not  present.  If  thJH  Im  tftiiv  tlii<  iu>cii>ii"'il  "f  Vnli  lixn- 
hossek  falls  to  the  ground. 

Hoche  with  Marohi'4  mahod  flndx  thai.  Ilix  lUir««  at  I  hi'  vi<m- 
tral  pyramidal  tra<.-t  end  jmrtly  in  the  vkjiI.I'iiI  liniii  nt  llii<  iiiriic 
side,  but  mainly  in  that  of  the  o|ipiiNilii  iild«  (I'/i/c  iit/rii). 
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The  four  principal  methods  for  investigating  the  course  of 
the  axones  which  go  to  make  up  the  pyramidal  tracts  are  (1)  the 
embryological  method  of  Flechsig;  (2)  by  physiological  experi- 
ment, including  electrical  stimulation  and  the  like;  (3)  the 
method  of  secondary  degenerations,  (a)  occurring  spontaneously 
in  human  beings  as  a  result  of  disease ;  {b)  experimentally  pro- 
duced in  animals  by  cortical  extirpation  or  by  section  of  the 
bundles  at  some  point  in  their  course;  and  (4)  the  application 
of  the  method  of  Golgi. 

The  embryological  method  of  Flechsig  is  especially  well 
adapted  for  the  study  of  the  fibres  of  the  pyramidal  tract,  inas- 
much as  at  birth,  or  shortly  before  birth,  all  the  fibres  of  the 
spinal  cord  have  received  their  myelin  sheaths  with  the  excep- 
tion of  these  fibres ;  and  in  sections  stained  by  Weigert's  method 
the  positions  occupied  by  the  fibres  of  the  pyramidal  tract  stand 
out  clearly  and  sharply  as  pale  areas  in  the  section.  This  method 
has  been  of  particular  service  in  demonstrating  the  asymmetry  of 
the  decussation  which  often  occurs  in  the  human  cord. 

It  is  among  the  greatest  achievements  of  Flechsig  *  that  he- 
has  traced  out  with  the  strictest  accuracy  the  position  of  the 
axones  of  the  pyramidal  tract  and  the  corresponding  bundle  of 
fibres  for  the  innervation  of  the  nuclei  of  the  cerebral  nerves,  all 
the  way  from  the  cerebral  cortex  nearly  to  the  termination  of 
the  fibres  in  the  groups  of  cell  bodies  belonging  to  the  lower 
motor  neurones.  The  course  of  the  bundles,  as  outlined  by  the 
embryological  method,  will  be 'clear  if  Figs.  625-631  with  their 
legends  be  consulted. 

The  sequence  of  medullation  in  the  sensory  and  motor  fibrea 


*  Flechsig,  P.  Uebcr  einige  Beziehungen  zwischen  secundllreti  Degenera- 
tionen  und  Entwickelungsvorgftngen  im  inenschlichen  RUckeninark.  Arch, 
d.  Heilk.,  Leipz.,  Bd.  xiv  (1873),  S.  464-469. — Die  Leitungsbahnen  im  Gehirn 
und  RQckenmark  des  Menschen  auf  Grund  entwickelungsgeschichtlicher 
Untersuchungen  dargest^Ut.  8vo,  Leipzig  (1876).— Ueber  "  System-Erkrank- 
ungen  "  im  RHckenmark.  Arch.  d.  Ileilk.,  Leipz.,  Bd.  xviii  (1877),  S.  101 ; 
289;  461 ;  and  Bd.  xix  (1878),  S.  53;  441 ;  Centralbl.  f.  die  raedicinischen 
Wissenschaften  (1877),  Nr.  3. — Ueber  die  Capsula  interna.  Tageblatt  der 
Xaturforscher-Versammlung.  Mttnchen  (1877),  S.  226.— Zur  Anatomie  und 
Entwickelungsgeschichte  der  licitungsbahnen  im  Grosshirn  des  Menschen. 
.\rch.  f.  Auat.  u.  Physiol..  Anat.  Abth.,  Leipz.  (1881),  S.  12-75.— Plan  des 
mensfhlichen  Gehirns  auf  Grund  eigener  Untersuchungen  entworfen. 
Leipz.,  S\'(K  1888.— Ciehirn  und  Seele,  I^ipzig  (1896). — Die  Localisation  der 
geistigcn  Vorgilnge,  Leipzig  (1896). 
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is  different  as  regards  the  peripheral  neurones  from  that  which 
concerns  the  central  neurones.  Whereas  the  axonee  of  the 
peripheral  motor  neurones  of  the  epinal  cord  and  meduUiL 
oblongata  are  medullated  before  the  axones  of  the  peripheral 
sensory  neurones,  the  asonesof  the  upper  motor  neurones— that  is, 
those  extending  from  cell  bodies  in  the  pallium  to  the  nuclei  in 


ClB|uiila  fttt 
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Fl«.  SM.— Huriaintal  H'clioii  through  brain  of  i 
moM  mitlial  fvicinent  of  nucleus  lentifonnis. 
f.  Amit.  u.  Physii>l..  Anat.  Abth..  Leipz.,  ISSl. 
[nllidua;  ///,  putamen.    Natuml  siw. 

which  are  situated  the  cell  bodies'of  the  lower  motornenrones — 
become  medullated  lat«r  than  do  the  axones  of  the  central 
sensory  neurones  extending  out  to  the  cerebral  cortei.  In  other 
words,  in  the  cerebral  white  matter  the  sensory  (centripetal) 
projection  fibres  are  meduliated  before  the  motor  (centrifugal)^ 
projection  fibres.  The  meduliated  axones  of  the  pyramidal 
tract  pass  out,  in  the  main,  from  that  region  of  the  cerebral 
cortex  which,  according  to  Flechsig,  corresponds  to  the  diwtribu- 
iion  of  the  sensory  axones  of  his  system  Xo.  I  (vide  niipra). 
These  fibres,  originating  in  the  large  pyramidal  cells  of  the 
lobuluB  paracentralis,  and  the  anterior  and  posterior  central  gyri, 
converge  in  the  corona  radiata  to  cDt«r  the  internal  capsule. 

The  position  of  the  fibres  of  the.  pyramidal  tract  in  tho 
internal  capsule  varies,  as  the  figures  show,  according  to  thf* 
IcTel  of  the  capsule  studied.  In  the  level  most  (re^ueiitiy  refern-d 
to  by  clinicians,  the  pyramidal  tract  fibres  occupy  the  anterior 


988 


THE  NERVOUS  SYSTEM. 


two  thirds  of  the  posterior  limb  of  the  capsule;  that  is,  the  so- 
called  thalamo-lentiforni  portion.  Arriving  in  the  internal 
capsule,  these  bundles  cease  to  be  separated  by  Rbres  of  a  different 
nature,  and  become  aggregated  in  the  form  of  a  tolerably  compact 


Lamina  medulli 


mfdullnlfd  bund 


I  o/ occipjfo-  .'trt''^ 


Aong.     (ArtcrP.  Fleclwix,  Arch. 


fasciculus,  which  passes  first  between  the  Ducleus  caudatua  and 
the  nucleus  lentiformis  and  farther  down  between  the  thalamus 
and  the  nucleus  lentiformis,  to  enter  the  cerebral  peduncle.    At 
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about  the  jnnction  of  the  intenial  capsule  with  the  eerebra] 
peduncle  the  fibres  of  the  pTramidal  tract  are  int«rwoveii  with 
transverse  bands  of  fibres,  which  become  medullated  at  a  period 
Uter  than  that  of  the  mveliQizatton  of  the  pyramidal  tract. 
This  interleaving  begins  at  a  level  corresponding  to  the  dorsal 
border  of  the  nucleas  hypothalamicus  (corpus  Luygi),  and  extends 
downward  as  far  as  the  posterior  and  ventral  extremitj  of  Luvs' 
bodj.  These  transverse  fibres  running  through  the  pyramidal 
tract  at  this  level  represent  in  the  main  the  fibres  of  the  ansa 
lenticnlaris.  On  its  way  through  the  internal  capsule  the  pyram- 
idal tract  is  separated  from  the  thalamus  b;  a  medial  layer  of 


Pl0.  628.— Boriumtal  section  through  hniiii  or  habc.  SO  tu  91  cm.  loDg.  at  level 
of  lower  third  of  flrat  portion  of  nucleus  lentiforuiis.  lAfh-r  P.  Fh^cbsig, 
Areh.  f.  An»t.  u.  Phyaiol.,  Anal.  Abth.,  LeipE.,  1881.  Taf.  iii.  Fig,  3.1  o. 
coDtinuatioD  of  fascioulus  basilaris  latemlis;  ij.  Gbrpx  continuous  with  d  of 
Fit,  9S7 :  f,  nirdullBted  fibres  exteniliiiR  between  hjipothalamic  region  anil 
nucleus  lentifoTniiH ;  f,  Hbrcs  of  e  which  have  passed  throuxh  the  ra|Hu1a 
iutrrna  ;  L,  nucleus  hypothalamicus  (corpus  Luysi  1 ;  I.  II.  globus  pullidus  ; 
III,  putamen.    Hagnifled  four  times. 

white  matter  (medullated  axonee  of  sensory  neurones  extending 
between  the  diencephalon  and  the  pallium). 

In  the  base  of  the  cerebral  peduncle,  too,  the  position  of  the 
pyramidal  tract  varies  according  to  tlie  level  examined.     In  the 
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higher  regions  of  the  base  of  the  pedoncle  (or  pee)  the  pyramidal 
tract  occupies  the  third,  fourth,  and  lifth,  reckoned  from  the 
medial  side,  while  lower  down  it  occupies  about  the  middle  third 
of  the  base  of  the  peduncle.  At  the  junction  of  the  cerebral 
peduncle  with  the  pons  the  fibres  of  the  pyramidal  tract  split 
up  into  scTeral  bundles  and  help  to  make  up,  in  large  part,  the 
fasciculi  longitudinalee  (pyramidales)  which  run  through  the 
pars  basilaris  pontis.  At  the  lower  end  of  the  poos  these  langi- 
tudinal  bundles  unite  on  each  side  to  form  the  compact  pyramia 
which  occupies  the  ventral  surface  of  the  medulla  oblongata, 
close  to  the  Resura  mediana  ventralis.  In  the  medulla  the 
majority  of  the  fibres  of  the  pyramidal  tract  as  shown  by  the 
developmental  method  pass  over  to  the  opposite  side  of  th« 
nervous  system  forming  the  decussatio  pyramidum.  The  large 
crossed  bundle  passes  down  as  the  fasciculus  cerebro-spinalw 
lateralis  through  the  lateral  funiculus  of  the  spinal  cord.     The 


Fl(t.  HSO.— Srt'tjiin  Ht  risht  anglm  to  the  lonftiludiiwl  fllin-«i>rtbi.-  haidx  ppdiincuU 
. juiK-tiiin  .if  upiH^r  with  middle  thinl ) ;  ii.wlKini  h»bi>,  ftO  lo  SI  om.  lonR. 
Muliirs  fluiil  Imnlciiiiis-  M.HinU-d  id  Ktyn-riii.  (AfU-r  P.  F'In-hMg.  Areh. 
f.  Aiml.  II.  l>hjKi<>l.,  Aiiat.  .\hth..  Uipz.,  1S81,  T«f.  iii.  Fig.  l.i  i,  ni<*l 
Inloral  buiiilU'i>f  theiiiinml  Htniliim  iif  the  liuiiKpcduiu-uh  :  d.  niiii-medullatrd 
tllinii  ill  diirmi  ntratiim :  j-.  iwilati-d  hundlcH  iir  modulliited  III>rni,  nature 
iindeliniiiiicd.    Mannilli-d  fimr  timi-s. 

smaller  uncrossed  bundle,  consisting  of  the  lateral  portion  of  the 
pyramis,*  passes  down  as  the  fascicuhis  cerebro- spinal  is  ventralis 
of  the  cord. 

"  It  is  of  intfirest  that  RimlM-h  was  able  to  make  out  thi»  point. 
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Flechsig  haa  studied  the  decussatio  pyramidum  and  its  varia- 
tions with  great  care.*    In  about  fifty  per  cent,  of  all  well-aiudied 


Faicicala*  cer^bro-tpin- 
Fm.  B30. — Tniuvrrw  apction  throuRh  the  Hpinnl  mnl  of  a  newbnrn  bab«.  about 
50  cm.  long;   k-vcl  of  niith  ccrvi™!  npirp.     (JoM  prepanitliin,     (After  P. 
FlevhxiR.  Die  I^iituDgHbiihneii  im  (^eliim  und  Riii^kcnmark.  Lclpz..  lS7e. 
T^f.  lii,  Fig.  1.) 

cases  the  distribution  of  the  pyramidal  tracts  is  asymmetrical. 
Thus,  in  a  certaio  number  of  instances,  all  of  the  fibres  go  down 
in  the  lateral  pyramidal  tract  and  there  is  complete  absence  of 
the  ventral  -pyramidal  tract  on  each  side.  In  these  cases  Flechsig 
itssumes  that  the  decussation  is  total. f     In  other  cases  he  finds  a 

*  Flechsig,  P.  Die  l.eituiigab&hnen  im  Gehim  und  RUckenmarIi  des 
MeDBchen,  etc.,  Leipi.  (1876),  S.  270  tt  seq. 

f  From  the  studies  of  experimental  degeneration  to  be  described  farther 
on  we  noT  know  thai  many  of  the  fibres  which  run  down  in  the  lateral 
pjrBmidal  tract  in  the  spinal  eon)  are  uncrossed  fibres.  It  is  therefore  not 
improbable  that  these  cases  of  apparent  total  decussation  are  in  reality  nol 
such.but  simply  instances  in  which  the  uncrossed  fibres  all  j^down  through 
the  lateral  tract;  in  monkeys  this  is  the  normal  condition  since  Ihe  monkey 
po8.iesses  no  ventral  pyramidal  tract,  and  yet  he  is  not  unprovideil  with 
direct  (uncrossed)  pyramidal  fibres. 
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ventral  pyramidal  tract  ou  one  aide,  but  none  on  the  other.  In 
other  cases  there  is  a  ventral  pyramidal  tract  on  both  aides,  and 
in  these  eases  the  number  of  fibres  in  the  ventral  tract  of  one 
side  as  compared  with  the  number  of  fibres  in  the  lateral  tract 
of  the  opposite  side,  and  again  the  relation  of  the  nnmber  of 
fibres  in  the  ventral  tract  of  one  side  to  the  number  of  fibres  in 
the  ventral  tract  of  the  other  aide,  can  vary  within  considerable 
limits.  Flechsig  concluded  that  the  fibres  arriving  from  a 
definite  region  of  the  cerebrum  through  the  pyramids  into  the 
spinal  cord  may  take  either  one  ot  two  courseB,  running  in  the 
ventral  pyramidal  tract  of  the  same  aide,  or  in  the  lateral  pyram- 
idal tract  of  the  opposite  aide. 


'.  FoTiculiit  t^Titmlu  pmprlut. 

Fig.  631.— Trans voree  n^cticm  thrmiith  thp  spinal  cord  of  a  nenlmni  hahe.  ohont 
M  cm.  I'iiik:  li-vrl  iif  fiiiirth  lunihar  nrrve.  (ii.ld  prrijanition.  I  After  P. 
FlwhsiE.  Dif   liCitungHhahurn   im  (iehirn  und   HJirkrnnuirk.  Lejpz..  1878. 


The  area  occupied  by  the  pyramidal  tract  decreases  from 
above  downward  as  the  spinal  cord  is  descended,  owing  to  the  fact 
that  the  medullated  axones  are  ever  running  in  to  terminate  in 
the  adjacent  gray  matter  apparently  in  the  ventral  horns. 

The  fasciculus  cerebro- spinal  is  lateralis,  or  lateral  pyramidal 
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tract,  lies  always  in  the  posterior  half  of  the  funiculus  lateralis. 
Flechsig  states  that  the  fibres  never  extend  farther  forward  than 
an  imaginary  straight  line  drawn  lateralward  from  the  group  of 
cells  known  as  the  columna  intermedio-lateralis.  The  embryo- 
logical  method  permits  one  to  follow  the  lateral  pyramidal 
tract  downward  as  far  as  the  lower  end  of  the  lumbar  enlarge- 
ment, or  even  to  the  level  of  the  third  or  fourth  sacral  nerve. 
As  regards  the  relation  of  the  lateral  pyramidal  tract  to  the 
periphery  of  the  cord,  this  varies  considerably  at  different  levels. 
Thus,  at  the  level  of  the  third  cervical  nerve  it  reaches,  as  a  rule, 
to  the  surface  of  the  posterior  part  of  the  lateral  funiculus,  even 
coming  in  contact  with  the  pia  mater.  In  the  cervical  enlarge- 
ment the  lateral  pyramidal  tract  is  separated  from  the  pia  mater 
by  the  compact  bundle  of  the  fasciculus  cerebello-spinalis  of 
Flechsig  (direct  cerebellar  tract).  From  the  middle  of  the  tho- 
racic cord  downward  the  dorsal  portion  of  the  lateral  pyramidal 
tract  reaches  the  periphery,  although  the  ventral  part  of  the  lat- 
eral surface  of  the  bundle  still  remains  separated  from  it.  In 
the  lower  portion  of  the  spinal  cord  the  lateral  pyramidal  tract, 
now  grown  small,  is  situated  close  to  the  periphery  of  the  cord. 

The  fasciculus  cerebro- spinalis  ventralis,*  or  direct  pyramidal 
tract,  lies,  as  a  rule,  on  the  medial  surface  of  the  ventral  funicu- 
lus. The  area  in  cross  section  is  variable.  It  may  extend  from 
the  ventral  commissure  as  far  ventralward  as  the  ventral  margin 
of  the  fissura  mediana  ventralis.  In  other  instances  it  occupies 
the  dorsal  half  or  the  middle  third  of  the  medial  surface  of  the 
ventral  funiculus  (Flechsig).  Its  longitudinal  extent  in  the  cord 
yaries  much.  Sometimes  it  ceases  even  at  as  high  a  level  as  the 
middle  of  the  cervical  enlargement.  In  other  cases  it  extends  to 
the  upper  thoracic  or,  most  commonly,  to  the  mid-thoracic  cord. 
Occasionally  it  has  been  followed  as  far  as  the  intumescentia 
lumbalis. 

Electrical  Stimulation. — A  great  deal  of  our  knowledge 
regarding  localization  of  the  cell  bodies  of  these  upper  motor 
neurones  in  the  cerebral  cortex  has  been  obtained  through  physio- 
logical experiments,  and  especially  by  means  of  electrical  stimu- 
lation of  the  cerebral  cortex. f    We  are  indebted  especially  for  this 

*  This  was  described  by  Charcot  as  the  faisceau  de  TUrck, 
t  It  is  surprising  how  J.  Hughlings  Jackson,  by  means  of  clinical  and 
pathological  observation  and  a  happy  scientific  imagination,  arrived  at  very 
important  conclusions  concerning  localization,  which  have  since  been  in 
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advance  to  the  researches  of  Fritsch  and  Hitzig*  (1870)  with  the 
galvanic  current,  and  especially  to  the  brilliant  results  obtained 
by  Ferrierf  (1873)  on  faradic  excitation  of  the  cerebral  cortex. 

The  experiments  of  Fritsch  and  Hitzig  showed  that  stimula- 
tion of  certain  regions  only  of  the  brain  lead  to  movements  of 
parts  of  the  body,  and  that  between  the  place  stimulated  and  the 
part  of  the  body  set  in  motion  strictly  definite  relations  exist. 
The  idea  of  a  so-called  motor  cortex  thus  arose. 

The  experiments  of  Ferrier  proved  that  on  suitable  excitation 
of  the  surface  of  the  cerebrum  with  the  faradic  current  move- 
ments can  be  called  forth  which  possess  a  definitely  purposeful 
character.  In  other  words,  movements  of  the  individual  parts  of 
the  body  are  evoked  which  correspond  to  those  actually  carried 
out  voluntarily  by  an  individual  in  the  course  of  his  ordinary 
bodily  activity.  With  similar  methods  Ferrier  was  able  to  local- 
ize generally  the  principal  movements  of  the  face,  arm,  trunk, 
and  leg  in  the  monkey. 

The  general  electrical  exj)eriments  on  the  cerebral  cortex  were 
carried  out  with  additional  refinements  by  Horsley  and  Schaefer  J 


large  j>art  confirmed  by  physiologists  -and  anatomists.  To  be  convinced  of 
the  wonderful  foresight  of  the  writer  one  has  only  to  compare  present  knowl- 
edge with  the  hypt>theses  which  he  advanced  in  the  following  articles: 
Notes  on  the  Physiology  and  Pathology  of  Language :  Remarks  on  those 
Oases  of  Disease  of  the  Nervous  System  in  wliich  Defect  of  Expression  is  the 
most  Striking  Symptom.  Med.  Times  and  (iaz.,  Ix)nd.  (1866),  i,  pp.  659- 
062.— ()n  Localization.  Med.  Times  and  Gaz.,  Lond.  (1869),  i,  p.  600.— On 
the  Anatomical  and  Physiological  Localization  of  Movements  of  the  Brain, 
liancet,  Lond.  (1873),  i,  pp.  84;  162:  232. — Observations  on  the  Ix)caIization 
of  Movements  in  the  Cerebral  Hemispheres,  a.s  revealed  by  Ca.se8  of  Convul- 
sion, ('horea,  and  Aphasia.  West  Riding  Lun.  Asyl.  Rep.,  liond.,  vol.  iii 
(1873),  pp.  175-195. — Cases  of  Partial  Convulsion  from  Organic  Brain  Dis- 
ease, bearing  on  the  Experiments  of  Hitzig  and  Ferrier.  Med.  Times  and 
Gaz.,  Lond.  (1875),  i,  pp.  578;  606;  660;  ii,  pp.  264;  3:K);  (1876).  i,  8. 

♦  Fritsch,  G.,  and  E.  Hitzig.  Ueber  die  elektrische  Erregbarkeit  des 
(irosshirns.  Arch.  f.  Anat.  Physiol,  u.  wissensch.  Med.,  I^eipz.  (1870),  S. 
300-:^32. 

f  Ferrier,  D.  The  L<K'alization  of  Function  in  the  Brain.  Proc.  Roy. 
Soc.,  Lond.,  vol.  xxii  (1873-'74),  pp.  229-232.— The  Croonian  Lecture:  Ex- 
I)eriments  on  the  Brain  of  Monkeys.  Phil.  Trans.  Roy.  Soc.,  Lond..  vol.  clxv 
(1876),  pp.  43:^488.— The  Function  of  the  Brain,  2d  ed..  Lond.  (1886),  p. 
521,  8vo. 

X  Horsley,  V.,  and  E.  A.  Schaefer.  A  Record  of  Experiments  ufwu  the 
Functions  of  the  Cerebral  Cortex.  Phil.  Trans.  Roy.  Soc.,  L<md.,  vol.  clxxix 
<1888)  (B.),  pp.  1-45. 
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and  by  Beevor  and  Horsley.*  At  present  it  would  seem  as  though 
the  results  with  regard  to  the  monkey's  cortex  are  as  perfect  as 
the  limitations  of  the  methods  permit.  Since  the  monkey's 
cortex,  and  especially  that  of  the  orang-outang,  so  closely  re- 
sembles that  of  man,  these  results  are  of  the  highest  importance 
for  the  physician  and  surgeon.  Over  and  over  again  it  has  been 
possible  in  human  cases  to  localize  with  great  accuracy  the  exist- 
ence of  an  irritative  lesion  in  the  motor  domain  of  the  cortex, 
and  in  many  instances  surgical  interference  has  been  resorted  to 
with  success.  Of  course  the  improvements  in  the  technique  of 
brain  surgery  in  recent  times  have  resulted  in  the  more  frequent 
resort  to  operative  interference  on  the  brain  of  human  beings,  so 
that  it  has  been  possible  in  quite  a  notable  number  of  instances  to 
carry  out  actual  electrical  excitation  of  the  human  cortex,  owing 
to  which  we  already  possess  a  certain  amount  of  definite  informa- 
tion regarding  localization  in  the  human  cortex,  which  has  been 
obtained  directly  {vide  infra). 

Beevor  and  Horsley  (1887)  decided,  from  the  results  of  their 
experiments,  that  the  anterior  central  gyrus  is  much  more  con- 
cerned in  the  motor  functions  than  is  the  posterior  central 
gyrus.  They  concluded,  too,  that  in  the  area  of  motor  repre- 
aentation  for  the  upper  limb,  the  regions  for  the  larger  joints 
are  at  the  upper  parts  of  the  area,  while  those  for  the  smaller 
joints  and  more  differentiated  movements  lie  peripherally  at  the 
lower  part  of  the  area.  The  movements  of  extension,  they  be- 
lieve, are  represented  rather  in  the  upper  part  of  the  area,  while 
those  of  flexion  appeared  to  be  related  to  the  lower  part.  In 
l)etween  these  two  areas  is  situated  a  zone  of  confusion  (Fig.  G32). 
In  their  earliest  experiments  they  studied  not  only  the  primary 
movements  which  result  from  electrical  stimulation,  but  also  the 
subsequent  "  march  "  of  the  movements  as  the  electrical  stimulus 
became  diffused  through  the  cortex.     A  remarkable  correspond - 

♦  Beevor,  C.  E.,  and  Victor  Horsley.  A  Minute  Analysis  (experimental) 
of  the  Various  Movements  produced  by  Stimulating  in  the  Monkey  Differ- 
ent Regions  of  the  Cortical  Centre  for  the  Upper  Limb  as  Defined  by  Pro- 
fessor Ferrier.  Phil.  Trans.  Roy.  Soc,  Lond.,  vol.  clxxviii  (1887)  (B.),  pp. 
153-167. — A  Record  of  the  Results  obtained  by  Electrical  Excitation  of  the 
So-called  Motor  Cortex  and  Internal  (^apsuie  in  the  Orang-Outang (iSimio 
Mtyrus),  Phil.  Trans.  Roy.  Soo.,  Lond.,  vol.  clxxxi  (1890)  (B.).  pp.  129-158. 
— A  Further  Minute  Analysis  by  Electrical  Stimulation  of  the  So-called 
Motor  Region  (facial  area)  of  the  Cortex  Cerebri  in  the  Monkey  (Macaciis 
^inirus).  Phil.  Trans.  Roy.  Soc,  Lond.,  vol.  clxxxv  (1804)  (B.).  pp.  39-81. 
65 
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ence  was  found  between  the  progress  of  these  marches  and  the 
farsighted  observations  of  J.  HugblingB  Jackson  in  cases  of 
epilepsv.  In  Figs.  7  and  8  accompanying  their  article  the  mode 
of  march  is  clearly  illustrated,  and  it  is  seen  to  be  in  harmonv 
with  the  representation  of  primary  movements  in  the  various 
points  in  the  area.  They  decided  that  there  is  no  absolute  line 
of  demarkation  in  the  monkey  between  the  area  of  localization 
in  the  corte.t  of  one  movement  and  that  of  another,  each  move- 
ment having  a  centre  of  masimnm  representation  which  grad- 
ually shades  oS  into  the  surrounding  cortex. 


These  preliminary  researches  of  Beevor  and  Ilorsley  were 
soon  followed  by  the  exhaustive  studies  of  Ilorsley  and  Schaefer 
(1888),  who  attempted  to  localize  centres  for  voluntary  move- 
ment and  also  for  sensation  by  means  of  electrical  excitation 
and  ablation.  In  the  prefrontal  region  the  resnlte  of  electrical 
escitation  were  negative  as  long  as  the  electrodes  were  applied 
in  front  of  the  enlcns  pr^ccntralis;  but  as  soon  as  stimulation 
was  applied  behind  this  sulcus  these  observers  began  to  get 
lateral  movements  of  the  head  and  eyes  such  as  Ferrier  had 
described. 

The  main  motor  area  of  the  cortex  as  outlined  by  physio- 
logical experiment  includes  a  large  region  in  the  neighborhood 
of  the  sulcus  centralis  Uolandi.  The  motor  cortex  corresponds 
in  the  main  to  that  of  the  two  central  gyri  (anterior  and  pos- 
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terior)  and  the  lobnlus  paracentralis,  although  stimulation  of  the 
feet  of  the  three  frontal  gyri  as  well  as  of  certain  other  points  in 
the  cortex  may  occasionally  call  forth  a  motor  reaction. 

Ferrier  had  found,  as  we  have  said,  the  principal  areas  of 
representation  for  the  various  movements  of  the  face  and  of  the 
upper  and  lower  extremity.  By  stimulation  of  the  excitable 
portion  of  the  lateral  surface  of  the  cerebral  hemisphere  he 
obtained  (1)  on  the  middle  of  the  frontal  lobe,  movements  of 
the  head  and  eyes;  (2)  just  behind  this  area  on  the  anterior 
central  gyrus,  movements  of  the  hand  and  arm  ;  (3)  on  the  pos- 
terior central  gyrus,  movements  of  the  fingers  and  wrist ;  (4)  on 
stimulation  about  the  inferior  extremity  of  the  sulcus  centralis 
Bolandi,  inclnding  parts  of  both  central  gyri,  movements  of  the 
face,  jaw,  and  tongue. 

Horsley  and  Schaefer  described  the  arm  area  as  occupying 
a  triangular  portion  of  the  sui-face,  broad  behind  and  narrow  in 
front  It  comprises  most  of  the  upper  half  of  the  posterior 
central  and  anterior  central  gyri  (in  the  monkey)  from  a  little 
below  the  level  of  the  sagittal  part  of  the  sulcus  prtecentralis 
below  nearly  to  the  margin  of  the  hemisphere  above,  together 
with  a  small  portion  of  the  adjacent  part  of  the  frontal  lobe. 
The  shoulder  muscles  react  most  strongly  when  the  electrode  is 
applied  near  the  superior  limit  of  the  area;  while  the  muscles 
moving  the  forearm  and  wrist  come  into  activity  when  it  is 
applied  near  the  central  and  inferior  portions  of  the  area,  and 
the  muscles  of  the  wrist  and  fingers  react  to  stimulation  along 
the  posterior  border.  It  is  significant  that  these  observers,  like 
all  others  who  have  experimented  on  the  cortex,  find  that  move- 
ments and  not  individual  muscles  are  represented  here.  The 
facial  area  described  by  Horsley  and  Schaefer  includes  the  area 
of  representation  not  only  for  the  movements  of  the  facial 
muscles,  but  also  for  those  of  the  mouth,  throat,  and  larynx.  It 
comprises  the  whole  of  the  posterior  central  and  anterior  central 
gyri,  inferior  to  the  arm  area,  extending  downward  as  far  as 
the  fissure  of  Sylvius  and  including  the  lateral  surface  of  the 
operculum.  It  is  in  the  upper  third  or  half  of  this  area  that 
blinking  or  closure  of  the  eyelids  along  with  elevation  of  the 
ala  nasi  and  retraction  of  the  angle  of  the  mouth  are  initiated. 
This  portion  of  the  area  they  have  therefore  justly  designated 
the  "upper  face  centre."  The  lower  third  of  the  area,  stimula- 
tion of  which  is  accompanied  by  varying  movements  of  the  jaw 
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and  tongue,  some  of  them  much  like  those  of  masticatioo,  they 
c»U  the  "  lower  face  centre." 

"  The  head  area  or  area  for  visual  direeUon  correaponds  to 
an  oblong  portion  of  the  surface  of  the  froatal  lobe  extending 
from  the  margin  of  the  hemisphere,  around  which  it  dips  for  a 
short  distance  outward  and  somewhat  backward  to  the  upper  and 
auterior  limit  of  the  face  area."  It  is  bounded  posteriorly  by  the 
arm  area  and  in  front  by  nonexcitable  cortex.  On  excitation  of 
this  area  they  obtained  opening  of  the  eyes,  dilatation  of  the 
pupils,  and  taming  of  the  head  to  the  opposite  side  with  con- 
jugat«  deviation  of  tlie  eyes  to  that  side.  Strong  retraction  of 
the  ears  could  frequently  be  elicited  if  the  electrode  was  applied 
near  the  angle  of  the  sulcus  pr»centralis. 

The  leg  area  {vide  supra)  is  situated  partly  upon  the  medial 
surface  of  the  hemisphere,  but  extends  also  over  a  certain  portion 

Diagram  I. 


of  the  lutoral  surface  of  the  hemisphere  occ 
front  of  the  fiaaura  pari e to- occipitalis  almost  a 
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level  of  the  anterior  extremity  of  the  small  sulcus  marked  x  in 
their  diagram. 

Diagram  II. 


Fio.  684. — Motor  cerebral  localization  in  monkey.     (After  V.  Horsley  and  ('.  A. 
Schaefer,  Phil.  Tr.,  Lond.,  1888,  p.  10,  diagmni  2.) 

The  trunk  area  is  situated  mainly  on  the  medial  surface  of 
the  hemisphere,  extending  for  only  a  short  distance  over  the 
margin  to  reach  the  lateral  surface.  The  general  results  of  their 
findings  are  beautifully  illustrated  in  the  accompanying  diagram 
(Fig.  a33). 

In  addition  to  their  careful  study  of  the  lateral  surface  of  the 
hemisphere,  Horsley  and  Schaefer  extended  their  experiments  to 
the  lobulus  paracentralis  and  to  the  medial  surface  of  the  gyrus 
frontalis  superior.  To  give  briefly  their  results  on  stimulating  the 
excitable  portion. of  this  area  on  the  medial  surface  of  the  hemi- 
sphere, it  may  be  stated  that  on  applying  the  electrodes  at  succes- 
sive points  from  before  backward  they  obtained  (1)  movements 
of  the  head ;  (2)  of  the  forearm  and  hand ;  (3)  of  the  arm  at  the 
shoulder;  (4)  of  the  upper  (thoracic)  part  of  the  trunk;  (5)  of 
the  lower  (pelvic)  part  of  the  trunk;  (C)  of  the  leg  at  the  hip; 
(7)  of  the  lower  leg  at  the  knee;  (8)  of  the  foot  and  toes.     It 
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will  thus  be  seen  that  in  the  monkey  the  head,  arm,  trunk,  and 
leg  are  all  represented  to  a  certain  extent  upon  the  facies  medialis 
cerebri  (Fig.  634). 

The  physiological  results  of  ablation  in  the  motor  areas  of 
the  cortex  were  quite  in  accord  with  the  findings  with  regard  to 
function  as  determined  by  electrical  excitation.  In  this  con- 
nection the  studies,  not  only  of  Ilorsley  and  Schaefer,  but  also 
of  Ferrier  and  Yeo,  of  Schiff,  Munk,  Luciani,  and.  others  should 
be  consulted. 

In  1890  the  results  of  an  important  research  were  published 
by  Beevor  and  Ilorsley  in  which  appeared  their  findings  on 
electrical  excitation  of  the  motor  areas  of  the  cortex  in  the  orang- 
outang. Since  the  anthropoid  ape  is  much  nearer  to  man  than 
the  bonnet  monkey,  this  study  is  clinically  more  applicable  than 
the  observations  which  were  carried  out  upon  the  Macariis  smi- 
cus.  One  remarkable  difference  between  the  effects  of  excitation 
of  the  cortex  of  the  orang-outang  and  that  of  the  monkey  is  the 
fact  that  very  few  "  marches  "  reproduce.  It  is  evident,  there- 
fore, that  the  muscular  movements  of  each  individual  segment 
are  much  more  fully  represented  in  the  cortex  of  the  orang- 
outang than  in  that  of  the  monkey.  And,  indeed,  it  seems  to  be 
a  general  law  that  the  higher  the  animal  the  greater  is  the  area 
of  representation  not  only  of  individual  segments  but  of  individ- 
ual movements  belonging  to  one  segment  in  the  cerebral  cortex. 
Beevor  and  Horsley  have  been  able  to  show  that  in  the  bonnet 
monkey  the  representation  of  the  segments  of  the  various  parts 
of  the  body  is  arranged  along  the  sulcus  centralis  Roland i  in 
horizontal  levels,  and  that  the  boundary  lines  of  these  pass  across 
the  sulcus.  The  same  arrangement  was  found  to  hold  in  the 
orang-outang.  The  comparative  relations  in  the  bonnet  and  the 
orang-outang  will  be  clear  if  the  accompanying  figure  (Fig.  635) 
be  consulted,  in  which  the  segments  are  placed  in  successive 
order.  It  will  be  seen  that  the  general  plan  of  arrangement  of 
the  representation  of  the  segments  in  the  two  animals  corresponds 
closely,  the  variations  being  due  to  the  exaggeration  of  the  sinu- 
osities in  the  gyri  of  the  orang  rather  than  to  any  central  ana- 
tomical characteristics.  It  is  to  be  noted  that  the  plan  of  the 
segments  of  the  lower  limb  is  truly  horizontal  in  the  orang  but 
antero-posteriorly  placed  in  the  bonnet,  the  difference  in  repre- 
sentation being  ascribed  by  Beevor  and  Ilorsley  to  the  habits  of 
the  two  animals.     It  is  further  to  be  noted  that  the  representa- 
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tion  ia  the  brain  of  the  anthropoid  ape  and  man  differs  from 
that  in  the  monkey  in  that  the  excitable  area  in  the  cortex  of 
the  former  is  not  continuous,  being  much  interrupted  by  spaces 
from  which  no  effect  could  be  obtained  even  by  the  application 
of  strong  stimuli.  These  unexcitable  areas  are  situated,  in  the 
main,  between  the  areas  of  representation  of  the  larger  divisions 
of  the  body.  They  are  not  intercalated  between  the  individual 
segments  of  the  single  large  divisions.  The  higher  the  plane 
of  the  animal  the  more  perfect  the  integration  of  representation. 

BONNET.  DRANG. 

L  ONGITUDINAL     FISSURE 


Hifi         Kruc  ;      SiTtaii  ^^^  AUToes 

Ankle,        m        ^^  Ari/cie, 


Knct. 


R 


ft.  "7^7,    :\p    PC    ^  f^-     : 


L.ower*^fcuu-  * 

SYLVIAN    FISSURE 


Fig.  635. — (7<)miiaris()n  of  motor  repre.stmtatioii  iu  the  bonnet  monkey  and  in  tlie 
orang-outang.  (After  C.  E.  Beevor  and  V.  llorsley,  Phil.  Tr.,  Lond.,  1890, 
p.  150,  Fig.  4. ) 

Subsequently  to  these  fundamental  investigations  a  number 
of  others  have  been  undertaken  to  localize  still  more  accurately 
certain  of  the  individual  movements  in  the  different  areas. 
Among  these  the  study  of  the  facial  area  by  Beevor  and  Horsley 
in  1894  may  perhaps  be  singled  out.  They  analyzed  minutely  the 
facial  area  of  the  bonnet  monkey  with  reference  to  tlie  facial, 
lingual,  and  pharyngeal  movements.  They  undertook  in  this 
study  especially  a  detailed  investigation  of  the  so  called  bilateral 
representation.     This  work   was  very  thorough,  and  the  results 
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parativelj  restricted  areas.  Similar  observations  were  made  by 
Nancrede  *  with  Morris  J.  Lewis. 

For  the  localization  of  function  in  the  cortex,  therefore,  elec- 
trical excitation  has  been  of  immense  value.  But  no  less  fruitful 
results  have  been  obtained  by  the  same  method  with  regard  to 
the  localization  of  function  in  the  bundles  of  fibres  which  pass 
through  the  internal  capsule.  Here  again  our  most  important 
knowledge  has  been  derived  from  the  experiments  of  Beevor  and 
Horsley.f  Valuable  results  by  the  method  of  excitation  have 
also  been  obtained  by  Burdon  Sanderson  |  and  Franck  and 
Pitres.* 

In  experiments  upon  the  internal  capsule  it  is  essential  that 
the  exact  anatomical  location  of  the  fibres  stimulated  be  men- 
tioned, for  in  different  horizontal  planes  the  motor  fibres  occupy 
entirely  different  positions.  The  term  capsula  interna  is  a  bad 
one,  but  has  been  so  uniformly  employed  that  it  seems  necessary^ 
at  least  for  the  present,  to  retain  it.  By  it  is  indicated  the  white 
fibres  bounding  the  nucleus  lentiformis  on  its  medial  side.  The 
term  is,  however,  more  loosely  employed  and  is  made  to  include 
all  the  descending  and  ascending  fibres  of  the  corona  radiata 
which  pass  between  the  basal  ganglia — between  the  nucleus 
candatus  and  the  optic  thalamus  on  the  medial  side  and  the 
nucleus  lentiformis  on  the  lateral  side.  Above,  the  capenla 
interna  is  directly  continuous  with  the  corona  radiata,  while  be- 
low it  is  directly  continuous  with  the  base  of  the  cerebral  pe- 
duncle. The  upper  and  lower  limits  of  the  internal  capsule 
must,  therefore,  be  arbitrarily  defined.     The  upper  level  would 


•  Nancrede,  C.  B.  Two  Successful  CtLsea  of  Brain  Surgerv.  Med.  News. 
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f  Beevor,  C.  E.,  and  Victor  Horsley.  An  Experimental  Investigation 
into  the  Arrangement  of  the  Excitable  Fibres  of  the  Internal  Capsule  of  the 
Bonnet  Monkey  (Macacus  sinicus).  Phil.  Trans.  Roy.  .Soc.  (1890),  I>md-,  rtA^ 
elxixi  (1891)  (B),  pp.  49-88;  A  Record  of  the  Results  oUained  by  Electrical 
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correspond  to  a  plane  resting  upon  the  upper  surfaces  of  the 
caudate  and  lenticular  nuclei ;  the  lower  level  is  usually  defined 
as  the  region  corresponding  to  the  posterior  and  inferior  limit  of 
the  fibres  of  the  ansa  lenticularis  which  pass  through  the  internal 
capsule  at  its  junction  with  the  cerebral  peduncle. 

The  cnpsula  interna  has  been  compared  not  inaptly  to  a  mass 
of  libi'e  bundles  arranged  like  the  rays  of  a  fan,  the  handle  cor- 
responding to  the  base  of  tiie  cerebral  peduncle,  the  sides  of  the 
fan  corresponding  to  the  an tero- ventral  and  postero- dorsal  bor- 
ders of  the  internal  capsule,  where  it  joins  the  corona  radiata. 
This  appearance  is  well  shown  in  a  EBgittal  section  passing 
through  the  cerebrum  (Fig.  030). 

P-  f/.  <V.e. 


I'h. 


AT.I. 


ro.  636.— Sagittal  scctfon  throUKh  the  hmin  of  the  monkey.  iUnntnitinK  Ihe 
iiil(>ni>l  iiitiiiuk-.  I  After  V.  E.  Bwvor  nnil  V.  Homli'.v.  Phil.  Tr..  Lond..  l»»0. 
|il.  xi.  Fig.  3. 1  .-l.a..  Hntcriur  nr  Hn-eiidiiiR  flbn-s  iif  the  mih  frontaliii  i>( 
mpHile  :  //.  hi>ri7jmlal  dhres  »f  the  mnic  :  S.d..  napcrior  cir  diwciidlng  Qbn-s 
uf  the  sime :  /■./,.  |.yniiiiici»l  fibn-s  (..iiitable) ;  P.  fliini.  cnteriiiR  the  pars 
<H-i'i|>i(ulisurtlii'i'Hiwuti-;  .V.c.  niielriis  iikuilnliM ;  .V.;..  iiurtcu*  It'iilirorniix: 
n.  Ihulnnius ;  C.n.c-..  i-otimilwiiTa  iLiiIi-rior  nTchri. 


Ill  horizontal  section  the  appearance  of  the  capsule  varies 
enormously  iit  different  levels,  as  is  shown  by  the  accompanying 
figure  (Fig.  037).     At  the  horizontal  level  of  the  capsule  most 
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frequently  described  (that  is,  a  horizontal  section  which  strikos 
the  vpnlral  end  of  the  genu  corporis  callosi,the  pulviuar,  uiid  the 


polus  occipitalis,  F\g.  638),  one  sees  that  it  can  be  divided,  as 
Charcot  suggested,  into  an  anterior  limb  and  a  posterior  limb, 
which  meet  at  an  oblique  angle  to  form  the  so-called  genu 
capsulie  interna.  The  anterior  limb  is  known  as  the  pars 
frontalis  capsulee  intemie,  while  the  posterior  limb  is  designated 
the  pars  occipitalis  capsula'  internie. 

The  pars  frontalis   (sometimes   known   as    the   leiitiformo- 

striate  portion)  is  smaller  than  the  pars  occipitalis  and  consists  ^ 

at  this  level  almost  exclusively  of  fibres  running  nearly  horizon-  'jjj 

tally  and  made  up  in  the  main  of  axones  running  cortioalwurd  ,',  "S 

from  the  thalamus.    As  the  genu  is  approached  the  fibres  assume  ' '.  ^| 

a  more  vertical  direction.  | 

The  ])ars  occipitalis  can  be  further  subdivided  into  a  thalamo-  i..^ 

lenticuliform  portion  (that  situatetl  between  the  thaltimus  ami  'A 

the  nucleus  lentiformis)  and  a  retro-lentiform  portion,  namely,  :  T 

that  portion  situated  lateral  to  the   thalamus,  but  behind  the  M 

posterior  extremity  of  the  nucleus  lentiformis.  ''  j 

The  fibres  which  pass  through  the  genu  capsnlss  internw  are  !^ 

not  located  In  the  same  an tero- posterior  position  in  all  horizontal  A 

planes,  since  the  position  of  the  genu  alters;  in  the  more  inferior  '^ 

horizontal  planes  it  is  situated  far  more  posteriorly  than  in  planes  "j 

higher  up.     In  the  same  way  the  pars  frontalis  capsula;  internae  '\ 

is  shorter  in  inferior  planes  than  in  siijierior  planes.     The  imp<.>r-  ;i^ 

tance  of  recognizing  these  differences   in   position  at  different  'Ili 

levels  can  not  be  too  much  emphasize)! ;  much  of  the  confusion  .'"■  JjP 

in  pathological  literature  with  regard  to  the  internal  ca]wuleisd>ie  .•T"'" 
to  the  fact  that  clinicians  and   pathological  anatomists  have  [Ktid 
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Fia.  838. — Horizontal  section  through  the  right  cerebral  hemispliere  cut  at 
s  distance  of  61  mm.  below  its  superior  border;  natural  size.  (After  J. 
D^erine,  Anatomie  des  Centres  Nerveux,  Paris,  1885,  p.  408,  Fig.  226.)  AM, 
claustmm ;  C,  cuneus;  CA^  hippocampus  (coniu  ammonis) ;  (-ag),  genu 
corporis  calloei ;  Oe,  cansula  externa  ;  Qj,  gyrus  dentatua ;  Cia,  pars  frontalis 
capeuls  intenuB ;  Ci{g\  genu  capsulse  intenise  ;  Cing,  horizontal  bundle  of 
the  cingulum  ;  Cingipu  posterior  bundle  of  the  cingulum  ;  Ciu,  pars  occipi- 
talis capenlsB  interns ;  Cirl,  retrolenticular  porticm  of  internal  capsule ;  cm, 
salens  cinguli ;  CO,  centrum  semiovale ;  cop,  commissura  posterior  cerebri ; 
Ok,  gyros  subcallosus ;  do,  comu  posterius  ventriculi  lateralis ;  Ft,  gyrus 
frontelis  superior ;  Ftt  gyrus  frontalis  medius :  Ft,  gyrus  frontalis  inferior ; 
/u  sqIcos  frontalis  superior ;  f^,  sulcus  fnmtalis  inferior ;  Ftic),  pars  triangu- 
laris gyri  frontalis  inferions;  Fli,  fasciculus  longitudinal  is  inferior;  FM, 
fiudcalos  retroflezus  Meynerti ;  Fm',  fasciculus  inferior  or  minor  of  the 
fornix;  Gh,  nucleus  habenulse;  Gp,  corpus  pincale;  la,  insula  (pars  an- 
terior) ;  Ip,  insula  (pars  posterior) ;  K,  fissura  italcarina  ;  K+po,  union  of  the 
fisara  calcarina  wiui  the  flssura  parieto-occipitalis ;  Li,  gyrus  cinguli  j  L(i), 
isHimas  gyri  fbmicati ;  tc,  lamina  cornea  and  fibres  of  the  teenia  semicircu- 
laria^  Lg,  gyrus  lingualis;  Ime,  lamina  medullaris  lateralis  nuclei  lenti- 
fonnis;  Imi,  lamina  medullaris  medialis  nuclei  lontiformis;  Ima,  lamina 
medullaris  superficialis ;  mFi,  facies  medialis  gyri  fnmtalis  superioris;  XC, 
•capnt  nuclei  caudati ;  NC',  cauda  nuclei  caudati ;  Ne,  nucleus  lati^ralis  thalami ; 
NLi.NLt,  globus  pallidus  (of  nucleus  lentiformis) ;  SLt,  putamen  (of  nucleus 
lentiformis) ;  Oi,  (h,  gyri  occipitales ;  oa,  sulcus  (K'cipitalis  anterior  of  Wer- 
nicke; OF,  fasciculus  occipito-frontalis  ;  oi,  sulcus  interoccipitalis ;  Op, Ft, 
pan  opercularis  gyrus  frontalis  inferioris ;  OpR,  Rolandic  operculum  ;  fViTA. 
pedunculus  anterior  thalami ;  po,  fissura  pariet<MK'cipita1is  ;  Pul,  pulvinar ; 
«ef,  cuneo-limbic  fold  ;  wplp,  posterior  parieto-timbic  fold ;  RTh.  radiatio 
occipito-thalamica  Qratioleti ;  S'(p),  ramus  posterior  fissune  cerebri  lateralis 
Sylvii ;  S{t),  ramus  ascendens ;  ttcc,  sinus  c(»rporis  callosi :  Sgc,  substantia 
grisea  centralis;  Sge,  subependymal  gniy  matter;  7i,  gyrus  temporalis 
superior  ;  TV.  gyrus  temporalis  medius ;  f  i,  sulrus  temporalis  supt»rior ;  Tap, 
tapetum ;  tee,  tsenia  tecta ;  Tija,  anterior  pillar  f»f  the  fornix  ;  Tg  V,  ventriculus 
lateralis;  7A,  thalamus;  Tp,  gyrus  temporalis  transversus ;  (p,  sulcus  t*'m- 
poralis  tranaversus;  H,  ventriculus  tertius;  T,  stripe  of  Viwj  d'Azyr:  VA, 
asciculua  thalamo-mammillaris  Virq  d'Azyri  ;  Vf,  cornu  anterius  ventriculi 
lateralis ;   Vai,  cavum  sc^pti  pellucidi ;  Zr,  zona  reticularis. 
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but  little,  if  any,  attention  to  the  variations  in  the  structure  of  the 
capsule  at  different  horizontal  levels.  In  every  case  in  which  at 
autopsy  a  circumscribed  lesion  of  the  internal  capsule  is  found 
the  pathologist  should  take  care  to  describe  accurately  the  exact 
localization  of  the  lesion  with  regard  to  planes  taken  in  the  three 
dimensions  of  space. 

On  the  whole  it  may  be  said  that  the  fibres  passing  through 
the  internal  capsule  correspond  very  well  in  position  to  the  gyri 
to  which  or  from  which  they  radiate,  those  farthest  forward  being  I ;}( 

connected  with  the  frontal  lobe,  those  in  the  middle  with  the  If: 

central  gyri,  while  those  more  posteriorly  situated  run  to  or  from 
the  temporal  and  occipital  gyri. 

Beevor  and  Horsley  found  that  the  pars  frontalis  capsular 
intemsB  is  for  the  most  part  entirely  unexcitable,  or  rather  that  !  ];• 

electrical  excitation  applied  to  it  leads  to  no  motor  response.  'I'l 

The  fibres  which  on  stimulation  call  forth  definite  movements 
occupy  positions  in  the  level  most  frequently  described,  the  genu  nt'. 

and  the  thalamo-lentiform  portion  of  the  internal  capsule ;  that 
is,  the  genu  and  the  anterior  two  thirds  of  the  pars  occipitalis 
capsulse  internae.  From  before  backward  in  the  internal  capsule 
the  arrangement  of  the  fibres  is  as  follows :  Farthest  forward 
stimulation  causes  movements  of  the  eyes.  A  little  farther  back 
the  fibres  for  the  opening  of  the  mouth  are  situated  ;  then  come 
those  governing  the  movements  of  the  head  and  eyes,  and  next  ii|r^ 

the  fibres  for  the  tongue  and  for  the  angle  of  the  mouth.  Imme- 
diately behind  these  are  situated  the  fibres  governing  the  move-  ;'tf| 
ments  of  the  upper  limb — first  those  for  the  shoulder,  and  next  ■!  ?] 
those  for  the  wrist,  fingers,  and  thumb  respectively.  After  these 
come  the  fibres  for  the  trunk,  and  last  of  all  the  fibres  governing 
the  movements  of  the  lower  limb  in  the  following  order :  Hip, 
ankle,  knee,  hallux,  toes.  The  arrangement  in  the  capsule  is 
therefore  seen  to  be  but  a  reproduction  of  that  on  the  cortex,  i  j 
which  in  its  turn,  as  has  been  pointed  out  above,  corresponds  to  i  M 
a  peripheric  projection  of  the  order  of  the  metameres  of  the  » !. 
whole  body.  In  the  accompanying  drawing  (Fig.  G39)  the  rela-  ::!  { 
tion  between  the  localization  of  motor  or  efferent  function  in  the  '  .1 
cortex  and  that  in  the  capsule  are  clearly  shown.  In  the  capsule,  i''t|| 
as  in  the  cortex,  segmental  movements  and  not  individual  muscles 
are  represented.  It  is  interesting  to  note  with  regard  to  the 
lateral  juxtaposition  of  the  fibres  in  the  capsule  that  those  most  •  /^ 
medially  situated  in  the  thalamo-lentiform  portion  of  the  pars 
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occipitalis,  when  stimulated,  yielded  no  motor  response,  since,  as 
we  have  seen,  when  studying  the  axones  of  diencephalo-telence- 
phalic  sensory  neurones,  this  region  of  the  capsule  is  that  in 
which  many  of  these  axones  are  situated. 

The  study  of  the  internal  capsule  of  the  orang-outang  by  the 
method  of  electrical  excitation  yielded,  according  to  Beevor  and 
Horsley,  results  very  similar  to  those  obtained  with  the  bonnet 
monkey.     The  localization  is  epitomized  in  the  following  table  : 


KZTBNOS 

Movement.  | 

From   I    To 


M. 

Eyes  turn  to  opposite  si<le    1  max. 

Eyelids  closing  (blinking) 3 

Retraction  of  angle  of  mouth  to  opposite  side 4 

Tongue  flattened  and  tip  directed  to  opposite  side  . .  4 

Flexion  of  thumb ....  5 

Flexion  of  fingers 5 

Flexion  of  wrist 4 

Flexion  of  elbow 6 

Abduction  of  shoulder 8 

Adduction  of  shoulder 

Flexion  of  toes 10 

Eversion  of  ankle 9' 

Plantar  extension  of  ankle 10 


M 
5 
5 
7 
6 
8 
0 

10 


10 
10 


The  length  of  the  pars  occipitalis  of  the  internal  capsule  in 
the  orang-outang,  which  they  studied,  was  18  mm. 

The  fibres  running  from  the  pallium  to  the  motor  nuclei  of 
the  cerebral  nerves  leave  the  other  motor  fibres  in  the  pons  and 
medulla  oblongata.  These  fibres  throwing  the  nuclei  of  the 
motor  cerebral  nerves  under  the  influence  of  the  pallium  are  not, 
strictly  speaking,  included  in  the  term  "  pyramidal  fibres." 

The  "  pyramidal  tract "  proper  consists  of  the  fibres  which  go 
through  the  pyramids  of  the  medulla  and  form  the  fasciculi  cere- 
bro-spinales  laterales  and  the  fasciculi  cerebro-spinales  ventrales  of 
the  spinal  cord ;  that  is  to  say,  the  fibres  of  the  pyramidal  tract, 
strictly  speaking,  innervate  mainly  the  lower  motor  neurones  by 
means  of  which  the  movements  of  the  upper  and  lower  extremity 
are  executed.  Many  writers,  however,  especially  English  and 
American  neurologists,  include  the  fibres  going  to  the  lower  motor 
neurones  of  the  cerebral  nerves,  as  well  as  those  going  to  the 
lower  motor  neurones  of  the  spinal  cord,  under  the  term  pyram- 
idal tract.  This  is  a  matter  of  nomenclature  and  of  but  little 
significance.     The  main  point  for  the  student  to  grasp  is  that 
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both  sets  of  fibres  have  a  similar  function — to  throw  tlie  lower 
motor  neurones  under  the  influence  of  the  pallium. 


II  hi --SI    C-- 
llllllllllllldlil 


Fio.  83fl.-Drewn  fmu.  a  plu.tonrai.li  I  nug» 
monkcy'K  ( Macaeiu  nntnwl  left  hi'misph 

ley.  Phil.  Tr.,  L.md..  ISM,  p-  81,  Fig.  7. 

in  tbg  iulara*!  npiola. 

fi,-d  twi«'i,.f  Ui«  ouU 
r...   ,Afterf.  K,  lt.'..v., 

raurfm'j^of 
and  V,  Hi. 

From  the  fact  that  in  the  cortex  and  in  the  internal  capsule 
the  bundles  of  fibrea  are  arranged  in  groups  corresponding  to  the 
different  movements,  and  from  the  fact  that  in  the  spinal  cord 
fibres  which  run  for  the  longest  distance  tend  to  be  more  periph- 
erally situated  than  those  which  run  for  shorter  distances,  it  is 
not  eurprising  to  learn  that  in  the  fasciculus  cerebro- spinal  is  lat- 
eralis of  the  spinal  cord  there  is  a  definite  grouping  of  the  fibres 
corresponding  to  segmental  movements.  Direct  proof  of  this, 
however,  was  adduced  only  recently.     In  1897  (iad  and  Flataii  * 

*Qad,  J.,  und  E.  Ftataii.  I't'lier  die  grolwrr  Localisation  iler  fQr  vpr- 
Khiedene  KOrpertheile  bc^tirninti'Ti  mntorischen  Buhrien  im  RQckpinnark. 
\earol.  CentraM,  lieipz..  Bd.  ivi  (1407).  S.  4Bt. 
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excited  with  the  faradic  current  different  areas  of  the  fresh-cut 
section  of  the  pyramidal  tract  of  the  spinal  cord  of  the  dog. 
Their  results  are  well  illustrated  in  the  accompanying  diagrams 
(Fig.  640). 

The  study  of  secondary  degenerations  has  yielded  results  sec- 
ond in  importance  only  to  those  afforded  by  the  embryological 
method  of  Flechsig  with  regard  to  the  paths  followed  by  the 
axones  of  the  neurones  extending  between  the  pallium  and  the 
motor  nuclei  of  the  cerebral  and  spinal  nerves.  The  knowledge 
afforded  by  the  study  of  secondary  degenerations  lias  been  derived 
from  two  sources :  (I)  the  study  of  human  cases  observed  clinic- 
ally and  pathologically,  and  (2)  the  study  of  the  nervous  system 
of  animals  in  which  the  motor  tract  has  been  experimentally  in- 
jured. 

The  first  to  investigate  in  man  degenerations  in  the  domain 
of  the  pyramidal  tract  wasTiirck  in  1851,*  who  in  cases  of  long- 
standing hemiplegia  observed  degeneration  not  only  in  the  spinal 
cord  but  also  in  the  posterior  and  superior  part  of  the  internal 
capsule  and  in  the  middle  of  the  base  of  the  cerebral  peduncle. 
The  illustrations  accompanying  his  publications  are  very  crude,, 
but  nothing  but  praise  can  be  said  of  the  accuracy  of  his  obser- 
vations. Tiirck  stated  that  when  definite  parts  of  the  cerebrum 
were  destroyed  in  any  way,  as  a  result  there  became  diseased  in 
every  instance  definite  bands  of  fibres  which  are  situated  in  the 
internal  capsule,  the  base  of  the  cerebral  peduncle,  the  ventral 
part  of  the  pons,  the  medulla  oblongata,  and  the  spinal  cord. 
This  "  secondary  disease,"  which  he  observed  in  a  large  series  of 
cases,  manifested  itself  in  the  appearance  first  of  numerous  fatty 
particles  and  later  by  atrophy.  Tiirck  observed  that  this  second- 
ary disease  occurred  not  only  when  the  lesion  was  situated  in  the 
cerebrum,  but  also  whenever  the  bands  of  fibres  in  their  course 
between  the  cerebrum  and  the  spinal  cord,  or  even  in  the  spinal 
cord  itself,  became  interrupted.  He  made  out  by  the  study  of 
these  secondary  degenerations  the  decussation  of  the  pyramidal 
tract  in  the  medulla  oblongata,  and  it  is  to  him  also  that  we  owe 
the  recognition  for  the  first  time  of  the  existence  of  a  direct 
pyramidal  tract  (although    not    recognized  by  Tiirck  as  such) 


♦  TOrck,  L.  Uebcr  sekiindSre  Erkrankang  einzelner  RQckenmarks- 
strange  und  ihrer  Portsetzungen  zum  Gehirne.  Ztschr.  d.  k.-k.  Gescllsch^ 
d.  Aerzte  zu  Wien  (1852),  ii,  511 ;  (1853),  ii,  289. 
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Homolateral  trunk  muscles. 


Trunk  {homolateral). 


Toes  of  pos- 
terior ex- 
tremities 
(homolat- 
eral). 

Hind  leg 
ihomolat' 
eral). 


Flank  + 
hip. 


Segmental  tr%ink  muscles  (homolateral). 


Hind  leg 
and  toes 
(homolat- 
ercU). 

Flank  + 
truTik 
(homolat- 
ercU). 

Segmental 
trunk 
miucles 
(homolat' 
eral). 


Trunk  +  flank  ihomcdaterttl). 


Extension  at  knee. 
Flexion  at  knee. 

Flexion  in  hip  joint. 

Trunk  +  flank  (homo- 
lateral). 

Flank  (homolatertU). 


Ihrunk  muscles  (homolateral). 


£ 


D 


Flexion  in 
h  ip  joint 
(homolat- 
eral). 


Flexion  in 
hip^  knee^ 
and  ankle 
(homolat- 
eral). 


Fio.  640. — ExiKjrimcntal  stimulation  of  freslily  cut  substantiti  allwi  of  clog's  spinal 
cord.  (After  J.  Gad  und  E.  Flatau,  Neurol.  (Vntralbl.,  I^ipz..  Bd.  x\i,  1897, 
a  483-485,  Figs.  1-5. )  A.  Ltvel  of  T  IX.  B.  Ix^vcl  of  T  VII.  ('.  Level  of 
T  X.  n.  Level  of  T  X.  E.  Level  of  C  VIII.  Stimulation  at  It  and  fi,  move- 
ments of  tnink(  homolateral)  :  atp,  thigh  +  skin  of  abdomen  ;  at  a,  homolat- 
eral segmental  trunk  muscles  +  extension  of  hcmiolatenil  foreleg  qilautar 
flexion  and  adducticm  of  toes) ;  at  k,  no  muscular  contraction. 
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which  passes  down  in  the  ventral  column  of  the  cord  on  the  same 
side  without  decussation.*  He  asserted  that  these  tracts  degen- 
erated only  in  a  descending  direction  from  the  side  of  the  lesion, 
although  he  recognized  that  above  a  given  lesion  there  were  many 
fibres  which  degenerated  in  an  ascending  direction.  Tiirck  sug- 
gested that  the  cause  of  the  secondary  degeneration  was  probably 
the  interruption  of  conduction,  and  inclined  to  the  view  that  the 
conduction  direction  could  be  concluded  from  the  direction  as- 
sumed by  the  degeneration  in  a  given  case. 

This  preliminary  knowledge  of  secondary  degenerations  was 
much  expanded  by  the  investigations  of  Bouchard, f  Charcot,J 
Pierrot,*  Xothuagel,||  von  Monakow,  and  others.  It  has  been 
possible  in  a  large  number  of  human  cases  to  follow  the  second- 
ary degeneration  not  only  of  the  whole  pyramidal  tract,  but  also 
of  the  separate  portions  of  this  tract,  to  their  destination.  A 
good  example  of  the  secondary  degeneration  of  the  pyramidal 
tract  after  a  cerebral  hsemorrhage  in  the  region  of  the  internal 
capsule  is  illustrated  in  the  accompanying  sections  (Figs.  041). 
From  what  has  been  said  of  localization,  it  is  obvious  that  lesions 
of  the  cerebral  cortex  will  be  likely  to  cause  only  partial  sec- 
ondary degeneration  of  the  pyramidal  tract,  since,  in  order  to 
lead  to  complete  degeneration  of  the  tract,  an  enormous  area  of 
cortex  would  have  to  be  involved,  and,  as  a  matter  of  fact, 
haemorrhages  and  other  lesions  implicating  the  cortex  of  the 
pallium  and  centrum  ovale  are  not  sufficiently  large  to  lead  to 
destruction  of  the  cell  bodies  or  axones  of  all  the  neurones  ex- 
tending between  the  pallium  and  the  groups  of  lower  motor 
neurones.  Unfortunately  for  human  beings,  however,  the  most 
frequent  place  in  which  the  pyramidal  tract  suffers  injury  is  the 
internal  capsule.     Here  the  fibres  are  closely   pressed   together 


*  Tiirck  designated  this  the  Hulsen-  Vorderstrangbahn. 

f  Bouchard,  C.  Des  degenerations  secondaires  de  la  moelle  epiniere. 
Arch.  gt^n.  de  mdd.,  Par.  (1866).  i,  pp.  272:  441 ;  561  :  578;  ii,  273. 

X  Charcot.  J.  M.  Le9ons  sur  les  maladies  du  systeme  nerveux  faites  k  la 
Salpetriere,  8vo,  Paris  (1872-'7:^). 

*  Pierret.  Consid 6 rations  anatomiques  et  pathologiques  sur  le  faisoeau 
post^rieur  de  la  moelle  epiniere.  Arch,  de  physiol.  norm,  et  path..  Par.,  t.  v 
(1873).  pp.  534-546. 

I  Nothnagel,  H.  Experimentelle  Untersuchungen  ueber  die  Functionen 
des  Gehirns.  Arch.  f.  path.  Anat.,  etc.,  Berl.,  Bd.  Ivii  (1873),  pp.  184-214; 
Bd.  Ix  (1874),  S.  120-149. 


] 


Flo.  641. — Degonoration,  following  hirmorrliage  of  six  moiithH'  duration,  in  tlic 
nuclous  latoniliH  thulunii  and  in  the  ienticulo-optic  i>«)rtion  of  the  ramula 
interna.  (Aft^T  C.  von  Monakow,  (iehirnpHthoh)gie,  Wien,  1807,  FIrh. 
171-175.)  A.  Ohlique  ht)rij5ontal  section  through  tlie  ant4*rior  part  of  the 
nucU'Us  hyiM)thalaniieus,  corpus  Luysi ;  //,  cystic  ncnluie  filled  with 
tran.sfonned  1)Io(k1  ;  /A,  E,  jHTicystic  sofU^ning ;  ci,  cajMula  inti'rna ;  A 
sec-ondarj'  degenemtion  in  the  capsula  int^^rna,  dotted  nnl ;  the  pyramidal 
tract  is  inti';rrupt4*d  and  totally  degeneratx'd ;  ./,  insula ;  LC,  nucleus 
hy|M)thalaniicus ;  Ped,  pedunculus  cerehri  ;  //,  tractus  opticus ;  Li,  nucleus 
lentifomiis ;  Sir,  C4)rpus  striatum ;  tat,  nucleus  lat<'ralis  thalami ;  r#*»/, 
nucleus  ventnilis  thalami ;  tme,  lamina  medullari.s.  B,  C,  D,  frcmto-hori- 
z<mtal  sections  (plane  of  Meynert)  through  the  brain  stem  of  the  same 
cast* ;  B,  level  of  the  colliculus  suiR»rior  and  of  the  pedunculus  cewbri ;  C, 
middle  of  p<ms ;  D,  medulla  oblongata.  The  degenerati»d  pyramidal  tract  is 
re<l.  Aqn,  aqueductus  cerebri ;  ///,  nervus  <x!ulo-mot<»riu8;  ///A",  nucleus 
nervi  <M'ul(»-mot4)rii ;  ftcti^  lemniscus  medialis  ;  //L,  fasciculus  longitudinal i« 
medialis ;  BA,  brachium  conjunctivum  ;  Br  A,  brachium  pontis;  7%<i,  pedun- 
culus cerebri ;  pyr,  pyramidal  tnict  degenerated  on  the  right  side  ;  cr,  corpus 
restiforme  ;  V.  aufni,  tractus  spinalis  nervi  trigemini.  E.  Dt^generated  fibres 
in  the  spinal  conl  of  the  same  case  ;  1-3,  pars  cervii^alLs  ;  4-8,  pare  thoracaliii ; 
9-12,  iMirs  lumlM>-sacralis ;  pyr,  fas<;iculus  ct^n^bro-spinalis  ventralis;  pyra, 
fasciculus  cerc'bro-spinalis  lateralis. 
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into  a  compact  bundle,  and  a  tolerably  circumscribed  lesion  will 
suffice  to  lead  to  complete  interruption   of  all   the   descending 
motor  axones.     This  region  of  the  internal  capsule  is  supplied 
in  the  main  by  the  so-called  lenticulo-striate  artery  of  Duret,  and 
in  by  far  the  greater  proportion  of  cases  of  hasmorrhage  this 
artery  is  involved.     So   frequently  does  haemorrhage  take  place 
at  this  site  that  this  artery  has  been  designated  by  Charcot  as 
the  "  artery  of  cerebral  hemorrhage."     This  explains  why  it  is 
that  in  the  majority  of  instances  of  cerebral  haemorrhage  there 
results  total  hemiplegia  of  the  opposite  side  of  the  body.     At 
autopsy  the  motor  tract  below  the  lesion  will  be  found  degener- 
ated, and  the  area  of  degeneration  can  be  distinctly  made  out  in 
the  cerebral  peduncle,  in  the  pons,  in  the  medulla,  and  in  the 
spinal  cord  as  far  as  the  lowest  level  to  which  the  fasciculi  cere- 
bro-spinales  penetrate.     If  an  autopsy  be  made  before  too  long 
a  period  has  elapsed,  the  area  corresponding  to  the  position  of 
the  motor  fibres  shows  a  diminished  consistence,  and  on  cross 
section  the  area  may  look  somewhat  darker  and   rather   more 
gelatinous  than  normal.     If  bits  of  the  tissue  be  placed  in  M fil- 
ler's fluid  for  a  few  days  the  degenerated  area  presents  on  cross 
section  a  typical  appearance.     One  makes  out  a  clear,  sharply 
circumscribed  zone,  distinctly  visible  to  the  naked  eye.     If  sec- 
tions be  examined  shortly  after  the  lesion  has  occurred,  numerous 
cells  containing  fat  droplets,  the  so-called  granular  corpuscles, 
will   be   found   present    in   the   degenerated   area.      Specimens 
stained  by  Marchi's  method  show  the  degenerated  fibres  stained 
a  deep  black  color.     If  the  individual  have  lived  for  a  long  time 
(more  than  three  months)  after  the  lesion  has  occurred,  Marchi 
preparations  may  not  show  the  degenerated  area  well,  owing  to 
the  absorption  of  the  myelin  of  the  degenerated  fibres,  but  Wei- 
gert's  method  will,  at  this  stage,  bring  out  clearly  the  area  of 
degenerated  fibres.     Instead  of  a  mass  of  normal,  black-stained, 
medullated  nerve  fibres,  a  yellowish  patch,  in  which  only  a  few 
normal  nerve  fibres  are  retained,  can  be  made  out.     It  is  impor- 
tant to  emphasize,  however,  the  fact  that  in  such  degenerated 
areas  a  certain  number  of    fibres   nearly  always   escape   degen- 
eration.    This  is  owing  to  the  fact  that  in  the  area  ordinarily 
designated  in  the  spinal  cord,  for  example,  as  the  fasciculus  ceer- 
bro-spinalis  lateralis  or  lateral  pyramidal  tract,  there  are,  in  a<ldi- 
tion  to  the  medullated  axones  of  this  tract  proper,  a  number  of 
other  axones  which  do  not  belong  to  it.     Probably  no  absolutely 
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pure  tract  exists  in  the  spinal  cord,  but  there  is  everywhere  a 
greater  or  less  admixture  of  fibres  of  different  tracts.  This  ac- 
counts, therefore,  for  the  preservation  of  certain  normal  medul- 
lated  fibres  in  the  area  of  the  pyramidal  tract  even  after  all  the 
motor  fibres  descending  from  tlie  pallium  have  undergone  second- 
ary degeneration.  Another  reason,  however,  for  the  persistence 
of  healthy  medullated  fibres  in  the  region  of  one  lateral  pyram- 
idal tract  after  unilateral  cerebml  lesion  is  the  presence  in  each 


Flo.  6<2.— A.  Furtiun  of  pynmidal  in  imvl  in  •■nim  Mi'tion  wliich  has  uiidcrgoae 
stcnadsry  degtneniboii :  n,  Rxonrx ;  6.  Rntnular  hiicI  finely  flbruiiM  area  of 
traimfonned  nenmglin:  r.  ginjile  niirmal  ni-rvc  fibres  rcmainiuK  unlnjurvd  ; 
r,  caTitica  which  luve  arinen  by  tbu  lirmkinR  dnwii  anil  alnuirption  uf  nerye 
Hbi^g.  B.  Section  of  the  nurmal  pymiuidal  tnrt ;  n,  I'unnuctive-tiHHUe  Hepta  ; 
h.  hfttlthy  nerve  flbrett.  (Arur  <'.  vun  Moniikow.  Gehimpath«lt«ic.  Wien. 
18»7,  8.784.  Pig.  178.) 

lateral  pyramidal  tract  of  medullated  axones  from  both  cerebral 
hemispheres.  As  we  shall  see  farther  on,  it  has  been  proved  that 
besides  the  crossed  axones  in  the  lateral  pyramidal  tract  there 
are  always  a  certain  number  of  axones  which  descend  in  the 
lateral  bundle  uncroseed  from  the  cerebral  hemisphere  of  the 
same  side.  The  differences  in  appearance  of  the  healthy  py- 
ramidal tract  and  of  that  which  has  undergone  secondary  de- 
generation are  represented  in  Fig.  G4'i. 


CHAPTER   LXII. 

INTERMEDIARY   AND    IPPER   MOTOR   NEURONES   (CONTINUED;. 

Fibres  from  the  pallium  to  the  motor  nuclei  of  the  cerebral  nerves — Studies 
of  Hoche  and  others — Results  of  extirpation  of  localized  areas  of  the 
cortex — Significance  of  uncrossed  fibres  of  the  pyramidal  tract — Inter- 
calation of  dendraxones  between  upper  motor  neurones  and  lower  motor 
neurones — The  centrifugal  cortico-muscular  conduction  path — Clinical 
symptoms  following  lesions  of  difTerent  portions  of  the  path. 

S.  Those  the  Axones  of  which  ran  to  the  Motor  Nnelei  of  the  Cerebral  Verree. 

The  study  of  the  degenerated  descending  motor  axones  in 
human  beings  by  means  of  the  method  of  Marchi  has  in  recent 
years  thrown  a  flood  of  new  light  upon  the  distribution  of  these 
axones.  As  a  single  instance  of  the  applicability  of  this  method 
and  of  the  special  advantages  afforded  by  it,  may  be  mentioned 
the  recent  research  of  lloche*  in  connection  with  two  fatal  cases 
occurring  close  together  in  which  there  was  softening  of  one 
cerebral  hemisphere.  His  findings  are  very  remarkable  in  many 
ways,  and  it  is  as  yet  too  early  to  pass  judgment  upon  them. 
More  cases  must  be  studied  by  the  same  method  before  the  last 
word  can  be  said.  It  had  been  generally  believed  that  in  the 
cerebral  peduncle  the  fibres  coming  from  the  pallium  to  the  motor 
nuclei  of  the  cerebral  nerves  were  most  medially  placed,  while 
those  for  the  arm  and  leg  were  more  laterally  placed ;  and  there 
is  much  clinico-pathological  evidence  in  favor  of  this  assump- 
tion. Iloche's  cases,  however,  did  not  support  the  prevailing  view. 
The  area  in  the  section  of  the  pes,  corresponding  to  that  ordi- 
narily taken  to  be  the  one  in  which  the  fibres  innervating  the 
motor  nuclei  of  the  cerebral  nerves  are  situated,  was  in  Hoche's 
case   entirely  free    from   degeneration,  although   clinically  the 


*  lloche,  A.  BeitrSgo  zur  Anatomic  der  Pyramidenbahn  und  dor  oberen 
Schleife  nebst  Bemerkungen  ueber  die  abnormen  Hdndel  in  Pons  und  Me- 
dulla oblongata.  Arch.  f.  Psychiat.  u.  Xervenkr.,  Berl.,  Bd.  xxx  (1808),  H. 
i,  S.  103. 
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paralysis  had  involved  the  domain  of  the  cerebral  nerves.  On 
the  other  hand,  in  Hoche's  case  lateral  from  the  area  usually 
designated  as  the  motor  area,  in  a  section  of  the  cerebral  peduncle 
which  has  always  been  believed  to  be  an  area  through  which  sen- 
sory fibres  pass  upward  into  the  cerebrum,  degeneration  had 
occurred  in  a  centrifugal  direction.  Hoche  followed  the  degen- 
eration from  the  base  of  the  cerebral  peduncle  and  downward. 
The  pyramidal  tract  proper  (for  the  upper  and  lower  extremities) 
corresponded  closely  to  the  descriptions  usually  given  of  it. 
Thus  no  fibres  were  given  off  from  it  to  the  nuclei  of  the  nervi 
ocnlo-motorii,  although  a  great  number  were  followed  from  it  to 
the  nucleus  nervi  facialis  and  to  the  nucleus  nervi  hypoglossi. 
Hoche  found  fibres  going  from  the  pyramidal  tract  of  one  side 
to  the  nucleus  nervi  facialis  of  the  same  side,  and  also  across  the 
raphe  to  the  nucleus  nervi  facialis  of  the  opposite  side.  A  large 
number  of  fibres  going  from  the  pyramidal  tract  to  the  nucleus 
nervi  hypoglossi  of  the  same  side  and  a  few  to  the  nucleus  nervi 
hypoglossi  of  the  opposite  side  could  also  be  made  out.  In  the 
spinal  cord  degenerated  fibres  could  be  traced  from  both  pyram- 
idal tracts  into  the  gray  matter  of  the  ventral  horns ;  and  it  is 
worthy  of  note  that  from  the  lateral  pyramidal  tract  fibres  go 
not  only  to  the  ventral  horn  of  the  same  side,  but  some  of  them 
pass  through  the  ventral  white  commissure  to  enter  the  ventral 
horn  of  the  opposite  side. 

Hoche  also  asserts  that  the  fibres  from  the  ventral  pyramidal 
tract  (fasciculus  cerebro-spinalis  ventralis)  run  in  to  terminate  in 
the  gray  matter  of  the  ventral  horns  of  both  sides,  but  mainly  in 
the  ventral  horn  of  the  opposite  side  of  the  cord.  Hoche's  find- 
ing, that  fibres  of  upper  motor  neurones  run  to  the  cerebral 
motor  nuclei  of  both  sides,  brings  these  nuclei  closely  into  accord 
with  the  motor  nuclei  of  the  spinal  cord. 

Still  more  interesting,  however,  than  these  double  relations  of 
the  pyramidal  tract  to  the  cerebral  motor  nuclei  are  the  observa- 
tions of  Hoche  with  regard  to  another  descending  motor  tract. 
In  his  first  case,  especially,  he  was  able  to  prove  that  the  nucleus 
nervi  facialis  and  the  nucleus  nervi  hypoglossi  receive  medullated 
axones  from  the  cerebrum  by  a  path  entirely  separate  from  the 
pyramidal  tract,  which  descends  through  what  we  have  been 
accustomed  to  consider  as  an  almost  purely  sensory  region — 
namely,  that  of  the  medial  lemniscus.  Coming  out  of  the  lem- 
niscus medialis  in  the  pons  and  extending  between  it  and  the 
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nucleus  nervi  facialis  of  the  same  and  of  the  opposite  side  could 
be  made  out  a  number  of  degenerated  fibres.  In  the  same  way, 
coming  out  from  the  stratum  interolivare  lemnisci  of  one  side, 
could  be  seen  a  number  of  degenerated  fibres  extending  from  it 
to  the  nucleus  nervi  hypoglossi  of  the  same  side  and  through  the 
raphe  of  the  nucleus  nervi  hypoglossi  of  the^pposite  side  (Fig.  643). 
That  these  fibres  are  entirely  distinct  from  the  majority  of  the 
fibres  of  the  lemniscus  medialis  is  proved  not  only  by  the  fact  that 
they  degenerate  in  a  descending  direction,  but  also  by  the  fact 
that  higher  up  in  the  nervous  system  they  are  entirely  separated 
from  the  rest  of  the  fibres  of  the  lemniscus  medialis.  Thus  in 
the  uppermost  planes  of  the  cerebral  peduncle  these  fibres  do 
not  lie  in  the  region  of  the  lemniscus  at  all ;  they  are  situated  in 
the  base  of  the  peduncle  in  the  immediate  neighborhood  of  the 
fibres  of  the  pyramidal  tract,  but  are  placed  lateral  to  them. 
These  fibres  in  reality  appear  to  come  out  of  the  internal  capsule, 
whence  they  go  into  the  base  of  the  cerebral  peduncle,  occupying 
a  position  just  lateral  to  the  fibres  of  the  pyramidal  tract  In 
the  pons,  however,  they  become  somewhat  separated  from  the 
fibres  of  the  pyramidal  tract  and  become  displaced  into  the 
region  of  the  lemniscus  medialis,  running  downward  in  this 
bundle  for  a  considerable  distance.  It  is  interesting  to  note  that 
this  descending  centrifugal  bundle  of  the  medial  lemniscus  had 
been  made  out  many  times  before,  though  its  significance  had 
not  been  properly  valued.  Thus  it  had  long  been  known  from 
the  researches  of  Flechsig  and  von  Bechterew  that  a  certain 
number  of  the  fibres  from  the  medial  lemniscus  become  medul- 
lated  at  a  much  later  period  than  do  the  majority  of  its  fibres. 
Von  Bechterew  had  even  given  this  bundle  a  special  name.* 

Hoche  has  studied  the  position  of  the  fibres  in  the  brain  of 
the  newborn  babe,  when  they  are  easily  distinguishable  owing  to 
the  fact  that  they  are  non-medullated  and  appear  as  pale  areas 
(Fig.  644). 

It  is  especially  interesting  that  in  Hoche's  two  cases  the 
most  medial  parts  of  the  base  of  the  cerebral  peduncle  (Flech- 
sig's  frontal  cerebro-corticopontal  path)  were  entirely  free  from 

*  von  Bechterew  designated  it  the  accessorische  Schleife.  Schlesinger 
calls  it  the  laterals  pontine  Bundel.  It  is  not,  however,  identical  with  the 
temporal  cerebro-corticopontal  path  of  Flechsig;  for  in  the  base  of  the 
peduncle  Ibx'he's  fibres  lie  between  the  temporal  cerebro-corticopontal  path 
of  Flechsig  and  the  fibres  of  the  pyramidal  tract. 
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(Itgcnerutioii ;  and  tliut  also  tho  most  liitcrul  portioiiB  of  the  base 
of  tlie  j)c<iiiiicle  (Fleclisig's  temporal  cerebro-corticopontal  path, 
BuHilel  ran  der  Si:hUife  liia  zitm  Fuks)  were  also  entirely  free 
from  secondary  degoneruttuu. 


^ 


VI4.— \cin-iii<Hlii1ln(rrl  tll.nw  in  Ih.-  li'iHuisi-iis  at  birth  .■.im-sTKimiiu)!  t..  tlic- 
^■iitrifuiEll  litlliilli'K  .,f  IIk'  l,.iiiiii«'liR.  AII.tA.  H,--1ii-.  Ant..  1'.  IVvHiial.. 
Bi-rl.,  11(1.  in.  I«m.  Tiif.  iv,  KiL-ri.  tj-l  ti>  Sx.  -  A.  Ia-\A  •'{  tli.-  ri.liii'iilii,.^  iii- 
frri..r.  B.  I--v.-l..rMiKri..r,«.rl..r,,niis.  r,  l^.v.'l  .,f  m.tvii.  triiniiiit.ii-. 
I).  l^-v<.l  i,f  K[iii.,il  ,.itr..mii.v  ,-r  iiiidni,  ii.rvi  fa.'i.ili.s.     i;.  Ij.vl  ..f  „,this 


In  the  most  medial  piirt  of  the  pcdiiin'lc,  h'lerli,-;!^  imd  ollifi-a 
havp  located  the  path  fnun  tlio  pallinm  lo  tlie  iiiirlvi  nt  tlic  nn.ior 
cerebral  nerves,  while  livSpitzka  it  wns  placi-d  in  tlu'  liiUTiil  p;irt 
of  thejwa,  in  the  so-i'iillcd  liLinille  J'riuii  the  li-ninisi-iL-^  to  the  pi's. 
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It  seems  probable,  therefore,  on  comparing  Hoche's  researches  with 
tliose  of  other  investigators,  that  the  nuclei  of  the  motor  cerebral 
nerves  can  be  thrown  under  the  influence  of  the  pallium  by  means 
of  fibres  which  run  in  two  entirely  different  paths — (1)  a  path  situ- 
ated in  the  pes  medial  to  the  pyramidal  tract,  and  (2)  a  path  in  the 
pes  lateral  from  the  pyramidal  tract.  That  different  motor  paths 
destined  for  the  cerebral  motor  nuclei  may  possibly  exist  is  of  the 
highest  interest  in  connection  with  the  puzzling  clinical  problems 
met  with  in  the  domain  of  distribution  of  the  cerebral  motor 
nerves.  We  may  hope  that  further  investigations  with  the  Marchi 
method  of  secondary  degeneration  after  cerebral  lesions  will  clear 
up  anatomically  these  clinical  differences,  especially  with  regard 
to  paralyses  of  the  face  and  tongue  which  have  so  long  puzzled  us. 

In  one  of  Hoche's  cases  there  was  degeneration  of  an  abnor- 
mally placed  bundle  of  fibres  of  the  pyramidal  tract,  which  evi- 
dently corresponds  to  the  abnormal  bundle  described  by  Pick,* 
Heard,!  of  Pittsburg,  and  others.  It  would  seem  that  in  a  few 
instances  a  bundle  leaves  the  pyramidal  tract  of  one  side,  under- 
goes premature  decussation  in  the  raphe,  and  takes  an  abnormal 
course  through  the  medulla  oblongata,  fusing  finally  again  with 
the  fasciculus  cerebro-spinalis  lateralis  below  the  level  of  the  gen- 
eral pyramidal  decussation. 

One  of  the  most  fruitful  of  all  the  modes  of  investigation  for 
the  determination  of  the  course  of  the  fibres  of  the  pyramidal 
tract,  especially  of  individual  portions  of  this  tract,  is  that  of  ex- 
tirpation of  the  whole,  or,  more  particularly,  of  limited  areas  of  the 
motor  cortex,  with  subsequent  study  of  the  nervous  system  for 
secondary  degenerations.  The  earlier  studies  of  von  Oudden,J 
von  Monakow,*  Franck  and  Pitres,!  and  Moeli  ^  were  carried 


*  Pick,  A.  Ueber  ein  abnormes  FaserbQndel  in  der  Menschlichen  Me- 
dulla oblongata.     Art'h.   f.   Psychiat.   u.   Nervenkrankh.,   Bd.   xxi   (1889). 

f  Heard,  J.  D.  Uel>er  abnorme  NervenbGndel  in  der  Medulla  oblongata 
des  Menschcn.  Arb.  a.  d.  Inst.  f.  Anat.  u.  Physiol,  d.  C-entralnerveiifiyst.  an 
d.  Wien.  i:niv.,  Leipz.,  u.  Wien  (1894),  H.  ii,  S.  86-90. 

X  von  Gudden.     Cor.-Bl.  f.  schweiz.  Aerzt^  (1872),  No.  4. 

•  Experimontelle  Beitrage  zur  Kenntniss  der  Pyraraiden-  und  Schleifen- 
bahn.    (V^r.-Bl.  f.  sohweiz.  Aerzt^*,  Basel.  Bd.  xvi  (1884),  S.  129  ;  157. 

I  Franck,  Francois,  et  A.  Pitres.  Des  degenerations  secondaires  de  la 
moelle  epiniere  consecutive  a  Tablation  du  gyrus  sigmoldc  chez  le  chien. 
Gaz.  m«Hl.  de  Par.,  6.  s.,  t.  ii  (1880),  pp.  15*^-154. 

^  Moeli,  C.  Teber  sekundftre  Degeneration.  Arch.  f.  Psychiat.  u. 
Nervenkr.,  Bd.  xiv  (1883),  8.  173.     . 
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out  with  the  aid  either  of  the  carmine  method  or  the  method  of 
Weigert,  but  the  newer  studies  have  been  much  more  exact  owing 
to  the  possibility  of  greater  accuracy  afforded  by  the  delicate 
method  of  Marchi.  With  this  method  Marchi  and  Algeri,*  Mura- 
toff,f  Mellus,J  Langleyand  Sherrington,*  and  Sherrington!  have 
obtained  important  results. 

Of  these  experiments,  those  which  have  been  carried  out  upon 
monkeys  are  of  course  most  valuable,  since  they  yield  conclusions 
more  applicable  to  man.  In  general  it  may  be  said  that  they 
have  shown  that  the  course  outlined  for  the  fibres  of  the  pyram- 
idal tract  by  the  embryological  method  and  by  the  method  of 
electrical  excitation  is  correct.  The  experiments  have  also  cleared 
up  the  puzzling  findings  in  human  cases,  in  which  after  unilateral 
cerebral  lesion  degenerations  in  both  lateral  pyramidal  tracts  of 
the  spinal  cord  were  observed,  since  they  prove  conclusively  that, 
after  extirpation  even  of  minute  areas  of  the  cerebral  cortex  in 
the  motor  region,  fibres  of  the  pyramidal  tract  degenerate,  not 
only  in  the  lateral  pyramidal  tract  of  the  opposite  side  of  the 
spinal  cord,  but  also  in  the  lateral  pyramidal  tract  of  the  same 
side  of  the  cord.  Each  cerebral  hemisphere  in  the  monkey  is 
connected  with  the  ventral  horns  of  both  sides  of  the  spinal  cord. 

The  explanation  of  the  appearance  of  degenerated  fibres  in 
both  lateral  pyramidal  tracts  has  been  attempted  by  Sherrington 
and  by  Melius.  Sherrington's  earlier  researches  led  him  to  be- 
lieve that  there  was  a  total  crossing  of  the  fibres  of  the  pyramidal 


*  Marchi,  V.,  e  G.  Algeri.  Sulle  degenerazioni  disceiidenti  consecutive 
a  lesioni  sperimentali  in  diverse  zone  della  corieccia  cerobrale.  Riv.  sper.  d. 
freniat.,  Reggio-Emilia,  vol.  xii  (1886-'87),  pp.  208-202. 

f  Miiratoff,  W.  Secundiire  Degenerationen  nacli  Zerstorung  der.motor- 
ischen  SpMre  des  Gehirns  in  Verbindung  mit  der  Frage  von  der  Localisa- 
tion der  Hirnfunctioncn.  Arch.  f.  Anat.  u.  Phvsiol..  Anat.  Abth.,  Leipz. 
(1893).  S.  97-116. 

X  Melius,  E.  L.  Preliminary  Note  on  Bilateral  Degeneration  in  the  Spi- 
nal Cord  of  Monkeys  (Macacus  sinicus)  following  Unilateral  Lesion  of  the 
Cortex  Cerebri.  Proc.  Roy.  Soc,  Lond.  (1894),  May  23.— Experimental  De- 
generations following  Unilateral  Lesions  of  the  Cortex  Cerebri  in  the  Bon- 
net Monkey  (Macacus  sinicus).  [Abstr.]  Proc.  Roy.  Soc,  Lond.,  vol.  Iviii 
(1895),  pp.  206-214. 

*  Langley,  J.  N.,  and  C.  S.  Sherrington.  Secondary  Degeneration  of 
Nerve  Tracts  following  Removal  of  the  Cortex  of  the  Cerebrum  in  the  Dog. 
J.  of  Physiol.,  Lond.,  vol.  v  (1884-'8r)),  pp.  49-65. 

I  Sherrington,  C.  S.    Note  on  Experimental  Degeneration  of  the  Pyram- 
idal Tract.     Ijancet,  Lond.,  i  (1894),  p.  265. 
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tract.  Melius  concluded  that,  inatead  of  a  total  crossing,  certain 
of  the  fibres  of  the  pymmidul  tract  did  not  cross  at  all — a  con- 
clusion with  which  Sherrington  in  his  more  recent  articles  ap- 
pears to  agree. 

The  experimenU  of  Melius,  which  were  carried  out  under  the 
direction  of  Victor  Ilorsley  in  Ijondon,  and  which  are  still  bfiiig 
continued  in  Dr.  Mall's  laboiiitory  in  Baltimore,  may  be  referred  to 
somewhat  more  iik  detail.  Melius  oi>erate<t  upon  the  bonnet  monkey, 
extirpating  smalt  areas  from  the  motor  cortex,  sometimes  from  the 
hallux  centre,  aonietimes  from  the  thumb  centre,  Bouietimes  from  the 
various  centres  in  the  facial  area.  The  animals  were  killed  in  from 
two  to  live  weeks  after  tlie  <>)>eratioii.  and  the  brains  studied  by  the 
method  of  Marchi  (Fig.  (>45). 


Fill.  (MS.— Brainof  nirirkey  MrMmr»*j.i«;rri»l,  shnwinji  I'lirtipal  srMi  oitirpatfd. 
li.  hallux;  T.  tliimih  :  F.  fHrinl.  Hi'lnt:  the  ii].|ii'r  luinliTofrarifll  arcu  upon 
llii' anliTicir  fi-ntml  (ryriiji,  llii'  nnncnii'nt  njinin'nliil  h<ring  I'tiiHii n- <>f  the 
"lilXKitf  ,yv  Mini  mtnutiun  iif  llir  ..pp.*in>  conuT  of  thp  miiuth.  {EitM-ri- 
m,nu  'if  K.  L.  MelliiH.  I 

After  lesions  of  the  hallux  centre,  there  degenerated  many  asso- 
ciation fibres,  both  coarse  and  fine,  which  pass  from  the  central 
gyri  down  as  fur  as  the  level  of  the  infi'rior  genu  of  the  sulcus  cen- 
tralis Rojandi.  Kome  fine  as,sociation  fibrps  were  found  to  pass  to 
the  lobuliiH  (inriotaliR  superior,  others  to  the  posterior  )>art  of  the 
gyrus  frontalis  su)>erior.  and  both  coarse  and  fine  association  fibre* 
were  found  to  connect  the  halliuc  centre  with  the  lobulus  para- 
c^ntralis.  This  centre  wa-*  further  connect^n).  by  means  of  fibres 
which  passed  through  the  corpus  caljosum.  with  the  hemisphere  of 
the  opposite  side  lanng  distributed  in  the  opixisitc  hemisphere  in  an 
area  on  the  whole  similar  to  that  whence  they  anwe. 

The  pro.iecti<in  til»res  which  degenerad'  after  legion  of  the  hallux 
centre  could  he  followt-d  thniugli  the  medial  half  of  the  centrum 
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semiovale  to  the  iutemal  capsule,  in  the  lower  levels  of  which  they 
are  located  in  the  middle  third  of  the  pare  occipitalis  or  poMt«rior 
limb  (Figs.  64t>  and  647).  Here  a  great  many  fine  degenerated 
fibres  pass  out  of  the  internal  capsule  into  the  thalamus.  The  hal- 
lux fibres  in  the  basis  pedunculi  are  somewhat  evenly  scattered  over 
the  middle  third,  and  it  is  especially  important  that  a  number  of 
coarse  degenerated  fibres  pass  into  the  substantia  nigra  apparently 
to  terminate  there. 

At  the  level  of  the  decusaatio  pj-ramidum  {Fig.  648)  the  hallux 
fibres  undergo   partial  decussation,  the  majority  passing  over   into 


11.  lUM.— IVi'iissaliii  pyninii'li 
[HUHiiiK  to  ruM'irulUH  fi-ri'hr 
fln<l  phi)t<i-Dlil'r.i;n>pli  hj  K.  I,.'  Mrlllln.  J 


the  fa-sciculuscerebro-spinalis  lateralis  of  the  opposite  side  of  the 
cord,  a  smaller  portion  going  to  the  faiK-iculus  cerebro-spiualis  Int- 
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eralis  of  the  same  aide.  The  relative  number  of  crossed  and  un- 
crossed fibres  varies  considerably  in  the  different  aninials  experi- 
mented upon.    A  few  fibres  pass  down  in  the  fascicuJus  veiitralis 


pthe  cord  of  the  same  side,  which  proves  that  in  the  monkey,  con- 
y  to  the  general  statement,  there  is  a  very  feebly  developed  faa- 
(iluB  cerebro-spinalis  ventralis  (Fig.  fi49).  The  degeneralad  fibres 
|dd  be  followed  down  through  the  cervical  and  thoracic  cord 
lut  showint;  diminution  in  number,  but  in  the  himbar  region 
l''lhe  eord  the  <1egeneration  in  the  lateral  tracts  of  both  sides  and 
^  the  ventral  tnu't  on  the  same  side  begins  to  disappear,  although 

tain  fibres  extend  below  the  level  even  of  the  third  sacral  root. 

l.'Following  ejitirjmtion  of  the  thumb  centre  (cortex  of  jmsterior 

1  gyrus  between  inferior  extremity  of  sulcus  interjHirjetalis 

i  talcus  centralis  Rolandi,  a  little  above  the  inferinr  genu  of 

Blatter  sulcus  in  the  bonnet  monkey)  association  fibi-eit  degen- 

;  to  the  anterior  and  posterior  central  gyri,  the  posterior  por- 

a  of  the  gyrus  frontalis  medius  and  the  gyru.s  frontalis  inferior 

and  to  other  gyri  of  the  cortex.    A  certain  number  of  association 

fitn«9  from  the  thimib  centre  pass  through  about  the  middle  third 

of  the  corpus  catlosum  lo  the  hemisphere  of  the  opposite  side. 

Fine  and  coarse  projection    fibres  degenerate  from  the  thumb 
centre  downward  through  the  centrum  semiovale.    The  line  fibres 
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terminate  in  the  thalamus,  the  large  fibres  (pyramidal  tract  fibres) 
occupy  ill  the  lower  horizontal  levels  of  the  int«rnal  capsule  the 
middle  third  of  the  pats  occipitalis  or  posterior  limb.     Id  the  base 


ci.rd  lit  tlie  levi'l  i.r  flist  <-<Tvii-»l  rcxil ;  dcMcncmtiim 
r<>-!'piluilis  Intt'rali.sBrUTi-Iriairiii  iif  (hllnib  ii'litre  uf 
iiHIihcn'.    I  Et]K:riiiii'iit  und  |ilii>ti>-iuii-n>|inipli  liy  K.  L.  Mi-llus. ) 

of  the  cerebral  peduncle  the  thumb  lil>rt«  occupy  the  middle  third 
of  the  area  as  seen  ou  cross  section.  A  larji^  number  of  the  degen- 
erated fibres  pass  to  the  substantia  nigra.  Melius  states  that  from  a 
Imlf  to  nearly  the  whole  of  the  degeneration,  following  lesion  of  the 
thunih  centre,  which  extends  as  far  as  the  cerebral  )>edunc]e,  termi- 
nates in  the  substantia  nigra.  At  the  pyramidal  decussation  in  the 
medulla  the  majority  of  the  fibres  cross  over  into  the  lateral  pyram- 
idal tract  of  the  opposite  side,  although  a  few  go  down  in  the  lat- 
eral funiculus  <Fig,  6.5111.  and  still  fewer  in  the  ventral  funiculi  of 
the  same  side.  It  is  interesting  that  the  degenerated  fibres  do  not 
stop  ill  the  upjx  r  cervical  levels,  but,  as  might  have  been  expected 
fi-om  the  experiments  of  Ferrier  and  Yeo,  begin  to  leave  tlie  white 
mutter  from  the  level  of  the  seventh  cervical  root  downward,  the 
degenerating  fibres  steadily  und  gradually  disappearing  by  turning 
into  the  gray  matter  until  at  the  level  of  the  third  thoracic  root  no 
degenerated  fibres  remain. 

It  would  take  too  long  to  describe  all  of  the  exi>eriment.s  made 
by  Melius  in  connection  with  the  facial  urea  of  the  cortex,  but  iu- 
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BHniucli  aM  lie  worked  principally  with  Ihe  cortical  area  correapond- 
iiig  lu  the  motor  representation  for  opening  tlie  mouth  straight,  his 
resullH  after  extirpation  of  this  area  may  be  briefly  described.  The 
auaociation  fibres  from  this  area  were  carefully  studied  as  well  as 


the  projection  libres.  As  regards  the  latter,  both  fine  and  coarse 
Kbres  degenerated,  the  line  fibres  terminating  in  the  thalamus,  the 
coarse  (fibres  of  the  pyramidal  tract)  extending  through  the  anterior 
portion  of  the  capsule  (in  its  upper  levels)  and  the  middle  third  of 
the  posterior  limb  of  the  capsule  (in  itJS  lower  levels)  (Figs.  651 
and  1)52)  to  enter  the  cerebral  peduncle.  In  the  cerebral  peduncle 
the  fibres  are  scattered  evenly  over  the  middle  third  of  the  area,  as 
seen  on  cross  section,  encroaching  a  little  upon  the  lateral  third 
(Figs.  BSA  and  tir>4).  Some  fibres  leave  the  tract  here  to  terminate 
ill  the  substantia  nigra  or  in  the  hypothalamic  region. 

Farther  down  the  remaining  degenerated  fibres  begin  to  leave 
the  pyramidal  tract  at  the  jnnction  of  the  pons  and  medulla  oblon- 
gata, and  single  degenerated  fibres  could  be  followed  to  the  nucleus 
nervi  facialis  of  the  same  side  and  of  the  opposite  side  to  the  motor 
nuclei  of  the  N.  glossopharynge'us  and  N.  vagus  of  both  sides. 

Melius  emphasizes  the  fact  that  all  tlie  degenerated  pyramidal 
fibres  from  the  hallux  and  thumb  regions  enter  the  internal  capsule 
at  or  near  its  posterior  extremity,  while  tlie  corresixmding  fibres 
from  the  lesions  in  the  facial  area  enter  the  capsule  at  or  near  its 
anterior  extremity.  The  former  Hbres  become  displaced  forward 
Rt  lower  levels,  the  latter  backward,  until  in  the  lower  levels  of 
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the  internal  capsule  tlie  fibres  are  all  crowded  together  at  about  the 
middle  third  of  the  posterior  limb.  "  It  is  also  shown  that  a  line 
can  be  drawn  from  the  fissure  of  Sylvius  forward,  so  dividing  the 
niotor  area  into  two  parts — that  of  the  facial  lesioiks  from  which 
fibres  enter  the  anterior  portion  of  the  capsule  would  be  in  the' 
aDt«rior  division,  and  all  the  liallux  and  thumb  lesions  from  which 
fibres  enter  the  posterior  portion  of  the  caitsule  would  be  in  the 


tiilarncil.     I  Pholo-microgcBph  afUT 


e  movement  of  the  facia]  fibres  backward 
betwH^n  till'  upix-r  and  lower  levels  of  the  cntiKule  they  would 
necessurily.  at  some  li-vel,  envelop  the  jrenn.  which  would  account 
for  the  fact  that  they  have  always  been  described  as  occupying  that 
position."  The  striking  agreement  of  the  liuilinir*  in  theMe  canes  of 
ex |>eri  mental  degeneration  with  those  following  ujion  electrical 
excitation  will  lie  clear  if  tlie  two  W  compared  with  one  another 
In'i/i-  Miipni).  Melius  emphiisi?;*^  (he  fuel  that  in  the  base  of  the 
cerebral  peduncle  in  the  monkey  the  facial  libres  are  mixed  up  in 


OROUPING  AND  CHAINING  TOGETHER  OP  NEURONES.      IO33 

the  middle  third  of  the  area,  as  seen  on  cross  section,  and  do  not 
occupy  a  space  by  themselves  medial  to  the  fibres  of  the  pyramidal 
tract. 

The  significance  of  the  uncrossed  fibres  of  the  pyramidal  tract 
is  somewhat  diflicult  to  understand.  Now  that  we  know  that  a 
certain  number  of  fibres  remain  uncrossed  even  to  their  termina- 
tion, and  the  proof  has  been  brought  that  each  cerebral  hemi- 
sphere stands  in  connection  with  the  groups  of  lower  motor 
neurones  on  both  sides  of  the  rhombencephalon  and  spinal  cord, 
it  does  not  seem  unlikely  that  in  the  uncrossed  fibres  we  may 
find  the  anatomical  explanation  for  the  physiological  peculiari- 
ties of  the  so-called  bilaterally  innervated  movements.  It  is  not 
impossible,  too,  that  herein  is  to  be  sought  the  explanation  of 
the  curious  ^behavior  of  the  so-called  residual  paralyses  after 
<3erebral  hemiplegia,  which  have  been  ably  described  by  Wernicke 
and  Mann,  of  Breslau.  The  cases  of  hemiplegia  following  homo- 
lateral lesion  of  the  brain  have  also  to  be  thought  of  in  this 
•connection,  though  it  is  not  yet  clear  that  the  explanation  of 
this  unusual  phenomenon  is  to  be  found  here. 

The  light  thrown  upon  the  upper  motor  neurones  by  studies 
undertaken  with  the  method  of  Golgi  concerns  mainly  (1)  the 
interrelations  of  the  cell  bodies  and  dendrites  of  these  neurones 
with  one  another,  and  with  those  of  other  neurones  in  the  cere- 
bral cortex ;  (2)  the  collaterals  given  off  by  the  axones  of  these 
neurones  in  various  parts  of  their  course ;  and  (3)  the  terminal 
relations  of  these  axones. 

For  the  interneuronal  relations  in  the  cerebral  cortex  the 
reader  is  referred  to  tlie  studies  of  Ramon  y  Cajal.*  His  scheme 
is  reproduced  in  Fig.  655. 

The  studies  of  Starr,  Strong,  and  Learning  include  investiga- 
tions in  this  area.     In  Fig.  G56  their  scheme  is  shown. 

As  to  the  collaterals  given  off  by  the  axones  of  the  pyramidal 
tract  a  number  arise  in  the  first  place  while  the  axones  are  still 
in  the  cerebral  cortex ;  others  are  given  off  shortly  after  their 
entrance  into  the  corona  radiata.  In  the  pons,  collaterals  from 
the  pyramidal  tract  are  distributed  to  the  nuclei  pontis.  In  the 
gray  matter  in  which  the  axones  of  the  pyramidal  tract  terminate 


♦  Ramon  y  Cajal,  S.  Les  nouvelles  idoes  sur  la  structure  du  systeme 
nenreux  chez  rhomine  et  choz  les  vertebres.  Par.  (Rcimwald  et  Gie),  (1894), 
pp.  39-69. 
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man;  collateral  branches  are  given  ofT ;  indeed  it  may  be  said  that 
the  axoneg  become  exhausted  through  the  projection  of  numerous 

collaterals. 
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It  is  highly  desirable  that  the  exact  terminal  relations  of  the 
aiones  of  the  upper  motor  neurones  be  more  thoroughly  studied 
by  means  of  the  method  of  (iolgi,  for  we  find  in  the  bibliography 
two  diametrically  opposite  views  with  regard  to  the  relations  of 
the  terminals  of  tliese  axoiies  of  the  cell  bodies  and  dendrites  of 
the  lower  molor  neurones.     Von   Monakow  •  believes  that  the 


*  ron  Moimkow.  ('.  Kx|i«rLmF[ilL-ll('  uiul  pBtliolnpsi^lL-B 
lersiichjiigen  upberilip  IIxiilienreKii'n.  den  SelihOp'l  mid  die  Elrjiiosiihthala- 
inir'H, npbsl  Hi-itril|tun  ziir  K«niitiiis»  IrQh  erwc.rlieinT  (innw-  nnd  Kleinhim- 
<]«ft!i'ti.>.     Arch.  f.  i'sjrchiut.  ii.  Neni'iikr..  Ih-rl..  [fal.  iivii  (lUgri),  S.  1 ;  386. 
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idiil  i'i'IIk  wit)i  ■Tiilu'H  (IcHi-iiililiK  tii  the  whiU-  inatttT  iiul  Kivinic  iifT  i 
lutcTHU  in  llieirviHinir:  ///.  layvr  iif  Unv  ijyiBiiiiiliil  upUk:  p,  UrMtiit  'Kiu 
pyiHDiiiliil  rtWu;  k,  larirc  iiymiiiKlal  ivIIh  with  v>-i^  niiDiiTnuH  dcudritiv: 
pyramidal  ivIIm  an'  m«ii  t»  wnil  Iiiiik  apfml  ■liiidriti'H  u|i  tu  / :  m,  MaTtim 
■I'll  with  iIiiNviidlnii  driiilrih-H  awl  aimiidinfc  axiine ;  n.  imlyKiiiuil  celh ;  . 
di'rp  laytT;  ji.  ftiKiniim  ci'li :  v.  ihiI.vriiiuiI  n>ll  ;  I'.  Ihc  wliitfiiiathTriiiita 
inK  tlx'  Hxiiiiiii  fnmt  tlip  iiynimiiuil  n'ilH  if,  r,  f.  <f,  uwl  friini  u  ocli  of  tlic  ill 
l.iyi-r  H  :  t.  imimxlm  m.n-». 
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axones  of  the  pyramidal  tract  in  all  probability  do  not  enter  into 
direct  conduction  relation  with  the  lower  motor  neurones  at  all. 
He  is  of  the  opinion  that  in  between  the  upper  motor  neurones 
and  the  peripheral  motor  neurones  are  intercalated  dendraxones 
(Golgi  cells  of  Type  II,  von  Monakow's  Schaltzelhn),  By  means  of 
these  dendraxones  the  peripheral  motor  neurones  are  aggregated 
into  groups,  so  that  one  or  more  pyramidal  axones  acting  upon  the 
dendraxone  could  set  into  activity  all  the  motor  neurones  requi- 
site to  innervate  the  muscle  fibres  concerned  in  the  production  of 
a  given  movement.  By  means  of  this  intercalation  of  dendrax- 
ones von  Monakow  would  account  for  the  production  of  so  many 
different  movements  with  so  limited  a  number  of  fibres  as  the 
pyramidal  tract  contains.  This  highly  ingenious  view  is  not 
purely  theoretical,  for  von  Monakow  sUites  that  in  his  extensive 
series  of  secondary  degenerations  of  the  pyramidal  tract  he  finds 
that  the  degenerated  fibres  do  not  extend  into  the  ventral  horns 
of  the  spinal  cord,  inasmucli  as  the  substantia  gelatinosa  does  not 
atrophy  and  disappear  there.  On  the  oilier  hand,  there  is  with 
lesion  of  the  pyramidal  tract  a  disappearance  of  the  substantia 
gelatinosa  in  the  region  of  the  processus  reticu lares  near  the 
lateral  horn.  Von  Monakow,  therefore,  suggests  that  in  this  part 
of  the  gray  matter  are  situated  the  dendraxones  which  receive 
the  impulses  directly  from  the  fibres  of  the  pyramidal  tract,  and 
which  by  means  of  their  axones  in  turn  distribute  them  to  the 
dendrites  and  cell  bodies  of  the  lower  motor  neurones.  This 
view  of  von  Monakow  has  been  supported  with  a  good  deal  of 
vigor  by  Redlich.* 

On  the  other  hand,  von  Kolliker  assumes  that,  taking  into 
consideration  the  number  of  collaterals  given  off  by  the  terminals 
of  the  axones  of  the  pyramidal  tract,  tlie  total  number  of  fibres 
coming  into  relation  with  the  lower  motor  neurones  is  quite 
sufficient  to  account  for  the  liberation  of  the  impulses  concerned 
in  the  various  voluntary  movements  without  the  assumption  of 
the  existence  of  intercalated  dendraxones.  For  the  present  it 
seems  wise  to  leavr  the  question  opon.  A  most  favorable  field 
for  work  with  (iol^i's  method  is  here  represented. 

The  whole  conduction  path  from  the  cerebral  cortex  to  the 
muscles,  involvinji^  at  leaist  two  sets  of  superimposed  neurones,  is 

♦  Redlich,  E.  r<»lx?r  dio  anatninisi'lKMi  Foljjoersfhoiifinunp^n  ausjf»»- 
deliiitor  Exstirpationeii  der  motorischcfi  Kirnlciu'iMitrtMi  bei  dcr  Katzc. 
Neurol.  (Vritralbl..  Lpipz..  Ii<l.  xvi  (1H97).  S.  H18-^}2. 
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eometiniee  spoken  of  as   the  cor tico- muscular  conductioD  path 
(Figs.  (>57  and  658). 

We  owe  to  Gowcrs  especially  the  recognition  of  the  difierences 
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in  the  effects  of  lesions  involving  on  the  one  hand  the  lower 
motor  neurones  and  on  the  other  the  upper  motor  neurones. 
Gowers  described  these  as  (1)  lesions  of  the  lower  motor  segment 
and  (2)  lesions  of  the  upper  motor  segment. 

If  the  lower  motor  neurones  be  seriously  injured  there  results 
the  so-called  flaccid  paralysis.  The  muscles  undergo  rapid  atrophy, 
and  exhibit  the  so-called  electrical  reaction  of  degeneration.  On 
the  application  of  the  galvanic  or  the  faradic  current  to  the  de- 
generated nerve  there  is  no  response.  But  when  the  muscle  is 
stimulated,  while  there  is  no  response  to  the  faradic  current, 
there  is  a  response  when  the  galvanic  current  is  applied,  which, 
however,  is  not  that  which  normally  occurs.  Instead  of  being 
sharp  and  quick,  the  contraction  is  slow  and  lazy,  and,  in  oppo- 
sition to  the  rule  in  health,  the  anodal  closure  contraction  may 
be  greater  than  that  on  cathodal  cjosure.  Since  the  reflex  arc  is 
destroyed  when  the  lower  motor  neurones  are  degenerated,  the 
80-called  deep  reflexes  are  in  such  instances  abolished  and  the 
muscular  tension  is  diminished.  The  groups  of  muscles  para- 
lyzed give  the  clew  to  the  localization  of  the  lesion. 

When  the  upper  motor  neurones — for  example,  those  the  ax- 
ones  of  which  correspond  to  the  pyramidal  tract — are  degenerated 
there  is  also  paralysis,  but  of  an  entirely  different  nature.  Instead 
of  the  flaccid,  markedly  atrophic  paralysis  of  the  muscles  with  elec- 
trical reaction  of  degeneration,  there  occurs  the  so-called  spastic 
paralysis,  accompanied,  as  a  rule,  by  no  more  atrophy  in  the 
muscles  than  that  which  would  naturally  follow  disuse.  The 
deep  reflexes  in  such  instances  are  of  course  exaggerated,  and 
the  tension  of  the  muscle  mav  be  markedlv  increased.  The  dis- 
tribution  of  the  paralysis  will  of  course  be  entirely  different  from 
that  which  occurs  with  lesions  of  the  lower  motor  neurones,  and 
the  situation  of  the  lesion  mav  be  ascertained  by  careful  consid- 
eration  not  only  of  the  nature  and  distribution  of  the  paralysis, 
but  by  a  consideration  of  the  accompanying  phenomena  due  to 
associated  lesions  in  other  nerve  paths.* 

♦  Cf.  Section  on  Nervous  Diseases  in  Osier,  W.  Principles  and  Practice 
of  Medicine,  3d  ed.,  New  York  (1898).— Gowers.  W.  R.  A  Manual  of  Diseases 
of  the  Nervous  System.  Philadelphia  (1892).— Mills,  C.  K.  The  Nervous 
System  and  its  Diseases.     Philadelphia  (1898). 


CHAPTER   LXIII. 

INTERMEDIARY    AND    UPPER   MOTOR    NEURONES    (CONTINUED). 

The  frontal  cerebro-corticopontal  path,  or  fasciculus  pallio-frontalis,  pars 

frontalis. 


3.  ThoM  the  AzonM  of  whioh  CorrMpond  to  the  Frontal  Cerebro-Gortioopontal 

Path. 

This  path,  described  by  Flechsig  as  the  frontale  Grosshirn- 
rinde- BruckenhahUy  is  assumed  by  him  to  arise  in  those  regions 
of  the  cerebral  cortex  which  correspond  to  the  distribution  of 
the  system  of  sensory  fibres  which  he  designates  as  No.  Ill ;  that 
is  to  say,  the  feet  of  the  three  frontal  gyri,  and  possibly  also  the 
middle  portion  of  the  gyrus  fornicatus  (Fig.  659).  The  axones 
from  the  large  pyramidal  cells  of  this  region  of  the  somajsthetic  area 
running  in  the  centrifugal  direction  toward  the  internal  capsule 
become  medullated  at  a  period  somewhat  later  than  the  fibres  of 
the  pyramidal  tract.  The  fibres  pass  througli  the  pars  frontalis 
of  the  capsula  interna  near  the  genu,  pass  through  the  base  of 
the  cerebral  peduncle  medial  to  the  fibres  of  the  pyramidal  tract, 
and,  according  to  Flechsig,  terminate  in  the  nuclei  pontis.  It  is 
Flechsig's  opinion  that  this  frontal  cerebro-corticopontal  path  is 
concerned  with  the  movements  of  bilaterally  innervated  muscles, 
such  as  those  of  the  eyes,  neck,  and  trunk.  The  motor  impulses 
concerned  in  the  speech  movements  may  also,  he  believes,  be 
carried  by  fibres  of  this  path.  There  is  a  good  deal  of  evidence, 
however,  that  the  speech  path  is  separate  and  distinct  from  the 
frontal  cerebro-corticopontal  path.  By  means  of  neurones 
extending  between  tlie  nuclei  pontis  and  the  cerebellum  by  way 
of  the  brachium  pontis,  the  frontal  cerebro-corticopontal  path 
throws  the  cerebellum  under  the  influence  of  the  opposite  cere- 
bral hemisphere. 

In  the  pars  basilaris  pontis  the  frontal  cerebro-corticopontal 
path  at  first  occupies  the  dorso-medial  portion  of  the  longitu- 
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dioal  fibres,  but  in  more  caudal  plaoes  it  turns  ventralward,  ao 
that  it  comes  to  lie  ventral  and  somewhat  medial  to  the  fibres 


Pla.  859.— Scheme  of  fhinUI 


>ntal  luth.    LetU'ri 


of  the  pyramidal  tract  {Fig.  6(iO).  Thia  tract  may  degenerate 
after  lesioiiB  of  the  middle  and  inferior  frontal  gyri,  in  whicli 
event  the  dorsal  bundle  of  the  anterior  limb  of  the  internal 
capsule  undergoes  secondary  degeneration,  and  the  frontal  cere- 
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Fio.  661. — Secondary  dcKi'iK'nition  following?  losion  in  the  left  middle  and  infe- 
rior frontal  gyri ;  the  dcgenenited  frontal  eerehnneorticopontal  path  iHshown. 
(After  C.  von  M(.nako\v.  (iehirniiatholoKie.  Wien.  1897,  FiKs.  186-189.) 
A.  TransTerse  s«'etion  at  the  level  of  the  nii<ldle  of  the  thalamu.s  pajwing 
through  the  nueleus  hypothalamicus  (eorpus  Luysi  t ;  nut,  nueleus  antf^rior 
thalami ;  a,  caimula  interna:  CL,  nucleus  hyiNithalaniicus  (corpUK  Luysi i; 
yt/f,  stratum  reticulatuiu  ;  HMr,  radiations  from  cajwule  of  red  nucleus  ( Hau- 
benstrahlung)  ;  Li, /<if,  nucleus  lat^^^nilis  thalami;  /^t.  nucleus  lentiformis; 
I/mch,  ansa  lenticularis ;  med,  nucleus  uiedialis  thalami ;  med.d,  degeneration 
in  nucleus  medial  is  thalami ;  Pfd.d,  degenemted  frontal  cen^hro-corticopontal 
path;  Ped.{Pyr.  bahti),  fasciculi  cerehro-spinales  ( pyramidales  > ;  ntr,  nucleUH 
caudatus ;  vent.ant,  nucleus  ventralis  (anterior)  thalami :  zi.  zona  incerta ; 
BV,  fasciculus  thalamo-mammillaris  Vicq  d'Azyri.  B.  Transverse*  8<*ction 
through  the  |M>st4'rior  extremity  <»f  the  thalamus  and  the  retroleuticular 
portion  of  the  i»psula  interim;  liA,  hrachium  conjunctivum  ;  11  X,  trairtti:) 
opticus  ;  Pyr,  fasciculi  cerehriHspinales  (pyramidales) ;  /Vr/,  pedunculus  cere- 
bri, pars  hasilaris ;  RK,  nucleus  ru Ik* r;  Tha!.  thalanms  ;  rent,  ventral  group  of 
nuclei  in  the  thalamus.  (\  Tninsverse  section  through  th«^  p<ms  and  junc- 
ti(m  of  the  coUiculus  sui>erior  with  the  colliculus  inferior;  BA,  hnurhium 
c^r\junctivum ;  BrA,  hrachium  pontis  ;  nek.  lemniscus.  I).  Transverse  se<'- 
tion  through  the  uppermost  part  of  the  medulla  oblongata  ;  degeneration  no 
longer  deuKmstrable ;  BrA,  bnichium  pontis;  ///..  fasciculus  longitudinalis 
medialis ;  01,  nucleus  olivaris  inferior ;  sch.  stratum  interolivare  lemnisi'i ; 
r/ A',  nucleus  N.  abducentis ;  17/,  radix  N.  facialis  pars  secunda  ;  VIIK, 
nucleus  N.  facialis  ;  Pyr,  pyramids. 
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bro-corticopontal  path  can  be  followed  into  the  most  medial 
portion  of  the  base  of  the  cerebral  peduncle.  In  such  instances 
the  radiation  of  the  nucleus  medialis  thalami  and  a  portion  of 
that  of  the  nucleus  lateralis  thalami  atrophies,  and  after  a  time 
disappears  (von  Monakow).  An  example  of  degeneration  of  the 
frontal  cerebro-corticopontal  path  is  shown  in  Fig.  061.  Tliis 
bundle,  especially  in  the  base  of  the  cerebral  peduncle,  has  been 
called,  though  improperly,  Arnold's  bundle. 

Zacher*  has  recently  denied  any  connection  between  the 
frontal  lobe  and  the  medial  segment  of  the  base  of  the  cerebral 
peduncle.  In  his  case,  in  which  the  medial  bundle  of  the  pes 
was  degenerated,  the  anterior  portion  of  the  posterior  limb  of  the 
internal  capsule  was  entirely  free  from  degeneration.  Ue  believes 
that  the  medial  bundle  of  the  pes  has  its  origin  in  all  probability 
from  fibres  which  run  in  at  the  base  of  the  nucleus  lentiformis  in 
its  posterior  part  from  the  outside.  These  fibres,  he  believes,  in 
part  at  least,  have  their  origin  in  the  island  of  Reil.  Dejerine 
attributes  the  origin  of  the  fibres  to  the  Roland ic  operculum  and 
adjacent  part  of  the  frontal  operculum.  One  of  Spiller's  f  cases 
would  indicate  that  at  least  a  portion  of  the  bundle  has  an  origin 
anterior  to  the  Rolandic  operculum. 


*  Zacher,  T.  Beitrfige  zur  Kenntniss  des  Faserverlaufes  im  Pes  pedunciili 
sowie  ueber  die  corticalen  Beziehungen  des  Corpus  geniculatum  intemum. 
Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xxii  (1890-*91),  S.  654-698. 

t  Spiller,  W.  G.  A  Contribution  to  the  Study  of  Secondary  Degeneration 
following  Cerebral  Lesions.  Trans.  Am.  Neurol.  Assoc.,  1897,  New  York 
(1898),  pp.  210-228. 


CHAPTER   LXIV. 

TXTKRMEDIARY   AND   UPPER   3I()T0R   NEURONES  (CONTINUED). 

The  temporal  cerebro-corticopontal  path — Paths  from  the  lobus  occipitalis 
to  the  corpora  quadrigemina — Olfactory  reflex  paths. 

4.  ThoM  the  Azonos  of  wUoh  Correfpond  to  the  Temporal  Cerebro-Cortieopontal 

Path. 

These  are  the  neurones  the  medullated  axones  of  which 
occupy  the  most  lateral  segment  of  the  base  of  the  cerebral 
peduncle  designated  by  Flechsig  as  the  temporale  Grosshirnrinde- 
Bruckenhahn,  The  bundle  is  usually  called  Tiirck's  bundle, 
quite  improperly  it  would  seem,  since  the  bundle  concerned  is 
separated  by  a  wide  area  from  the  region  found  diseased  by 
Turck  in  hemiansBsthesia.*  Flechsig  believes  that  the  cell  bodies 
and  dendrites  which  give  origin  to  the  axones  of  this  path  are 
situated  in  the  auditory  sense  area  of  the  cerebral  cortex  (gyrus 
temporalis  superior  et  gyri  temporales  transversi).  The  axones, 
he  believes,  pass  down  through  the  posterior  portion  (retro-lenti- 
form  portion)  of  the  pars  occipitalis  capsulje  internae  to  the 
lateral  region  of  the  base  of  the  cerebral  peduncle.  Thence  they 
go  into  the  pons  and  end  there  in  some  way  unknown  to  Flech- 
sig, perhaps,  he  suggests,  going  ever  directly  into  transverse 
fibres  of  the  pons  or  ending  in  the  nuclei  pontis.  He  is  inclined 
to  think  that,  like  the  frontal  cerebro-corticopontal  path,  this 
temporal  path  represents  a  mode  of  connection  by  way  of  the 
brdchium  pontis  of  one  cerebral  hemisphere  with  the  opposite 
cerebellar  hemisphere.  The  fibres  are  medullated  at  a  later 
period  than  the  fibres  of  the  pyramidal  tract. 

Von  Monakow  describes  the  temporal  cerebro-corticopontal 
path  as  occupying,  in  the  cerebral  extremity  of  the  pons,  a  dorso- 
lateral field,  which  it  follows  until  it  becomes  exhausted  in  tlie 
gray  matter  at  the  caudal  extremity  of  the  pons,  except  that  from 

♦  Op.  cit, 
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the  middle  of  the  pone  on  it  is  located  exactly  dorsal  to  tite 
libres  of  the  pyramidal  tract  The  fibres  of  this  bundle,  liice  all 
the  other  fasciculi  longitudinales  of  the  pars  baeilaris  pontis,  are 
separated  from  one  another  by  fibrce  traneversie  pontis  and  bv  the 
masBea  of  gray  matter  which  make  up  the  nuclei  pontia. 


Tlie  fibres  of  tlie  temporal  cerebro-corticopontal  path  degen- 
erate in  a  descending  direction  (Zacher,  Kam,  von  Monakow,  and 
Dejerine).  According  to  Dejerinc,"  the  bundle  ariaos  from  the 
whole  temporal  lobe,  but  by  no  nieiins  solely  from  the  gyrus 
temporalis  superior.  Indeed,  he  favors  the  view  that  the  fibres 
arise  mainly  in  the  (!.  temporalis  medius  and  the  <i.  temporalis 
inferior.  .Moreover,  Dejerinc  asserts  that  the  fibres  on  their  way 
from  the  temporal  lobe  to  the  base  of  the  cerebral  peduncle  do 
not  paaa  through  the  capsula  interna  at  all,  but  instead  go  below 
the  nucleus  Iciitiformis  to  join  the  other  fibres  which  enter  the 
cerebral  peduncle  in  the  hypotJialamic  region.  In  Fig.  Ii62  is 
reprotluccd  a  diagram  in  which  Is  shown  the  cortical  zone,  which, 
when  destroyed  (according  to  Dejerinc),  will  lead  to  complete 
degeneration  of  all  the  fibres  of  the  basis  iwduncull. 

In   this  connection  a  case  of    the  highest   importance   has 

'  Dfjerine.  J.  ."^iir  I'lirigiiip  corticalp  I't  If  Iruji'l  iiitriu-i'ri'bral  dps  Hhres 
(if  IV'tiigu  iufi'ricur  ml  jiipd  ilii  pi'ilmiriik'  (■.'■n'lirul.  I'oriipl.  rend.  Soc.  de 
biol,  Par.,  tl.  s..  f.  V  iiytl3i,  pi.  S.  pp.  103-208. 
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recently  been  carefully  studied  by  Mills  and  Spiller.*  Tliis  case 
makes  it  difficult  to  understand  the  view  of  Flechsig,  for  it 
seems  hard  to  conceive  how  in  such  a  case,  where  there  was  no 
degeneration  in  the  lateral  bundle  of  the  base  of  the  cerebral 
peduncle,  the  fibres  which  form  this  bundle  could  have  their 
origin  in  the  gyrus  temporalis  superior  (Flechsig).  It  seems 
strange  that  the  origin  and  distribution,  of  the  axones  of  tlie 
lateral  bundle  of  the  pes  have  not  been  approached  from  the 
experimental  side.  It  is  not  too  much  to  hope  that  we  shall 
soon  have  data  to  record  in  this  connection.  Ferrier  and  Turner 
have  extirpated  the  gyrus  temporalis  superior  and  have  obtained 
secondary  degeneration  in  the  lateral  bundle  of  the  pes,  thus 
supporting  the  doctrine  of  Flechsig,  though  their  studies  support 
Dejerine  in  part,  in  that  they  find  that  the  fibres  pass  lateral  and 
ventral  to  the  nucleus  lentiformis. 

6.  TboM  the  Azonet  of  which  Connect  the  Lobne  Oooipitalii  with  the  Hnelei 

Governing  the  Movements  of  the  Eyee. 

Flechsig,  in  his  descriptions  of  the  lateral  bundle  of  the  base 
of  the  cerebral  peduncle,  thinks  it  probable  that  a  certain  num- 
ber of  the  fibres  of  this  bundle  may  arise  in  the  visual  sense  area 
of  the  occipital  lobe.  His  views  are  supported  by  the  embryolog- 
ical  studies  of  von  Bechterew.f  That  there  are  neurones  extend- 
ing between  the  visual  sense  area  in  the  occipital  cortex  and  the 
eye-muscle  nuclei,  or  at  least  the  superior  coUiculus  of  the  cor- 
pora quadrigemina,  seems  extremely  probable  from  the  studies  of 
secondary  degeneration  after  animal  experiment  carried  out  by 
von  Monakow  and  the  studies  of  anophthalmia  conducted  by 
his  students.  Excitation  of  the  cortex  of  the  occipital  lobe,  as 
Munk,  Schaefer,  Horsley,  and  others  have  shown,  is  followed  by 
movements  of  the  eyes.     The  results  of  these  researches  render 

♦  Mills,  C.  K.,  and  W.  G.  Spiller.  A  Case  of  Cerebral  Abscess  Situated 
at  the  Posterior  Part  of  the  External  Capsule  (involving  the  Medullary 
Sabstance  of  the  First  Temporal  Convolution,  also  the  Posterior  Part  of  the 
Lenticular  Nucleus,  and  extending  into  the  Subthalamic  Region),  with 
Some  Considerations  in  Reganl  to  the  Constitution  of  the  External  Bundles 
of  Fibres  in  the  Cerebral  Peduncle.  Med.  and  Surg.  Reporter,  Phila.,  vol. 
Ixxiv  (1896),  p.  742;  also  in  the  J.  Nerv.  and  Ment.  Dis.,  X.  Y.,  vol.  xxiii 
<1896),  pp.  622-628.    . 

t  von  Bechterew,  W.  Zur  Frage  ueber  die  secundilren  Degenerationon 
des  nirnschenkels.  Arch.  f.  Psychiat.  u.  Nervenkr.,  Berl.,  Bd.  xix  (1887), 
S.  1-17. 
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it  probable  that  the  giant  pyramidal  cells  of  the  third  cortical 
layer  send  their  axones  through  the  radiatio  occipito-thalamica 
Gratioleti  and  the  brachium  quadrigeminum  superius  to  the 
colliculus  superior  of  the  corpora  quadrigemina  and  the  stratum 
griseum  centrale  aqueductus  cerebri.  Whether  or  not  any  of 
these  axones  actually  reach  the  nucleus  nervi  oculo-motorii  and 
the  other  eye-muscle  nuclei  directly  is  not  known;  it  may  be 
that  another  neurone  is  interposed  between  the  terminals  of  the 
occipito-mesencephalic  neurone  and  the  lower  motor  neurones. 
Indeed,  this  is  the  view  which  von  Monakow  is  inclined  to  sup- 
port, and  it  is  quite  in  accord  with  the  prevailing  ideas  with 
regard  to  the  superior  colliculus,  which  is  generally  looked  upon 
as  the  central  organ  for  the  government  of  the  eye-muscle  nuclei. 
That  the  fibres  from  the  occipital  cortex  to  the  mesencephalon 
do  actually  pass  through  tlie  lateral  segment  of  the  cerebral 
peduncle  is  made  very  probable  by  the  studies  of  Zacher.*  lie 
believes  that  the  fibres  from  the  occipital  lobe  are  most  laterally 
placed,  those  from  the  temporal  lobe  being  situated  between 
these  and  the  fibres  of  the  pyramidal  tract.  The  cases  of  Sioli  f 
and  Winkler  J  make  it  not  impossible  that  some  fibres  from  the 
lobus  parietalis  also  pass  through  the  lateral  segment  of  the  base 
of  the  cerebral  peduncle. 

6.  Thote  the  Azonet  of  whieh  Connect  the  Bhinenoephalon  with  the  Lower 

Motor  Henronee. 

These  have  already  been  dealt  with  in  connection  with  the 
olfactory  sensory  neurones  of  the  second  and  higher  orders,  to 
which  the  reader  is  referred. 


♦  Zacher.  T.  Beitr&ge  zur  Kenntniss  iles  Faserverlaufes  im  Pes  pedun- 
culi  scjwie  ueber  die  corticalen  Beziehungen  iles  Corpus  geniculatum  inter- 
num.    Arch.  f.  Psychiat.  u.  Nervenkr..  Bed.,  Bd.  xxii  (1890-'91).  S.  054-698. 

f  Sioli.  Ueber  die  Fasersysteme  im  Puss  des  Grosshimschenkels  und 
Degeneration  dcrselben.  Centralbl.  f.  Nervenh.,  T^eipz.,  Ikl.  xi  (1888),  S. 
438-441 :  also  in  Breslau  aerztl.  Ztsch.,  Bd.  x  (1888),  S.  181. 

X  Winkler,  C.  Secundaire  neerdalende  degcneratie  van  <len  meest  lateraal 
gelegen  bundel  in  den  pars  jiedunculi  cerebri  (Den  bundel  van  TQrck).  Xe- 
derl.  Tijdschr.  v.  Geneesk..  Ainst.,  2.  H.,  xxii  (1886),  pp.  585-591.  Also  see 
Neurol.  Centralbl.  (1887),  S.  239. 


SUBSECTION  V. 

Projection   Neurones,    Commissural  Neurones,   and 
Association  Neurones  of  the  Telencephalon. 

It  seems  desirable  to  refer  briefly  to  the  main  telencephalic 
nearones  by  themselves.  It  is  customary  to  divide  the  fibres  in 
the  telencephalon  into  projection  fibres,  commissural  fibres,  and 
association  fibres.  The  complexity  of  the  fibres  of  different  sorts 
in  the  gray  matter  of  the  cerebral  cortex  is  well  illustrated  in 
Fig.  663.  Now  that  we  know  that  no  white  fibres  exist  which 
have  not  their  origin  in  cell  bodies — that  is  to  say,  which  are  not 
the  axones  of  neurones — it  seems  more  logical  to  speak  of  projec- 
tion neurones,  commissural  neurones,  and  association  neurones. 


(A)  Projection  Neurones. 
CHAPTER  LXV. 

PROJECTION'   NEURONES   OF   THE   TELENCEPHALON. 

Groups   of   ph>jection   neurones — Cerebral  appanages    or  dependencies — 

Phylogenetically  young  parts  of  the  brain. 

By  these  are  understood  the  neurones  which  connect  directly 
the  cortex  of  the  telencephalon  (pallium  and  rhinencephalon) 
with  lower  portions  of  the  nervous  system.  The  medullated 
axones  may  pass  in  either  direction — from  the  cortex  to  lower 
centres,  or  from  lower  centres  to  the  cortex.  In  the  former  in- 
stance the  cell  bodies  of  the  neurones  are  situated  in  the  cortex, 
and  the  axones  descend — that  is  to  sav,  the  conduction  is  cortico- 
fngal.  In  the  latter  instance  the  cell  bodies  of  the  neurones  are 
situated  in  the  lower  centres,  and  the  axones  ascend  to  terminate 
in  the  cerebral  cortex.  The  latter  are  corticopetul  in  conduc- 
tion. 
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.   .  ..- n  hmin  lllDiitralinK  thp  HyHh^mBand  pleiusM  nC  ni-rrp 

Bbn-s  I  niuhiniitJnn  of  tbc  ini'thndK  of  Wrip-rt  and  (inlgi  (,  i  After  L.  Anilri- 
rn-n.  Itmili,  I^ind.,  ml.  xvii.  l'«04.>  r.z.,  I'lmr  nine  tnv  fruni  nerve  Sbrm; 
U.l'..  Kxiht'ii  iilcxliiin  the  dkiIii-iiIht  layer:  A.'lr..  amhiKiiusccll  atiatum  : 
.■<iibn./>..iiuhiniilmiilHr|ilcxiiH:  ';r.r.r>..|in!at  |i;rainidBlplFXlu>i  /W,/*.,  pnly- 
murphicplvxai!;   H'..  white  (iiatU-r. 
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The  majority  of  these  neurones  have  already  been  described 
in  connection  with  (1)  the  sensory  neurones  of  the  higher  order 
and  [2)  the  upper  motor  neurones.  Thus  (a)  the  dienceph&lo- 
telencephalic  neuronea  of  the  general  sensory  path,  (b)  the  radia- 
tio  occipito-thalamica  Gratioleti  of  the  visual  conduction  path, 
and  (c)  the  radiatio  corporis  geniculati  medialis  of  the  auditory 
conduction  path  represent  corticopetal  projection  neurones. 
Again,  the  fibres  of  (a)  the  pyramidal  tract,  {/>)  the  frontal  eere- 


la.  est.— Sa^fttal  section  No.  148.  throDfth  tbr  hrain  of  a  bahc  shonly  hIUt 
Urtb,  illlwtratiDR  the  pntici-tiuii  fihrm  Ui  thp  aonupEthctir  area.  C.i.,  onpsula 
interna ;  G.e.a.,  gy""*  (-tntralis  anterior ;  ll.c.p..  gyros  oentralin  piistiTior 
l.oi.  frmt,  lobiM  rrontelin;  Loft,  orrip.,  lohn«  iirripitaliti ;  Tft..  thalHniiw 
T.O.,  traetus  optiraH ;  S.  nucleus  IcDtifonnis ;  7.  rorpus  Keniculaluni  latt'iuii! 
I'.t,,  ventriculiu  lateralis. 


bro-corticopontal  path,  (c)  the  temporal  cerebro-corticopontal  path, 
and  {(f)  the  fibres  running  from  the  occipital  lobe  to  the  mesen- 
cephalon represent  the  aionos  of  corticofugal  projection  neu- 
rones. The  ease  with  which  these  projection  axones  can  be  fol- 
lowed in  the  medullating  brain  is  well  illustrated  in  Fig.  664. 

If  an  area  of  the  cerebral  cortex  be  extirpated,  especially  in 
tbeyonng  animal,  the  axones  of  projection  neurones,  whether  they 
be  corticopetal  or  corticotugaj,  undergo  a  change.  In  the  ease 
of  the  corticofugal  axones  secondary  degeneration  with  absorp- 
tion rapidly  takes  place ;  in  Clic  case  of  the  corticopetal  axoues 
119 
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there  is  less  rapid  degeneration  or  atrophy,  which  can  be  traced 
to  their  infracortical  origin.  These  infracortical  areas  in  which 
the  corticopetal  telencephalic  projection  fibres  originate,  and 
which,  like  the  fibres  themselves,  undergo  atrophy  or  degenera- 
tion after  extirpation  of  the  area  of  the  cortex  in  which  they 
terminate,  are  known  as  "  cerebral  appanages  "  or  "  dependencies.'* 
Von  Monakow  has  recently  paid  a  good  deal  of  attention  to  these 
areas,  and  has  described  them  under  the  term  Grosahirnantheile, 
He  believes  that  they  are  phylogenetically  young,  for  they  are 
absent  in  lower  forms,  and  increase  progressively  in  size  and  num- 
ber in  direct  proportion  to  the  development  of  the  cerebrum. 
According  to  his  view,  the  majority  of  the  nuclei  of  the  thalamus 
and  geniculate  bodies,  the  substantia  nigra,  and  portions  of  the 
corpora  quadrigemina  and  of  the  pons  belong  to  this  category. 
The  various  cerebral  dependencies  are  of  different  age,  as  far  as 
can  be  judged  from  phylogenetic  studios,  tlie  olfactory  organ^ 
the  visual  sense,  and  hearing  having  been  successively  developed. 


(B)  Ck>xnmi88iiral  "Neuronea, 
CHAPTER   LXVL 

COMMISSURAL   NEURONES   OF   THE   TELENCEPHALON. 

Heteromeric    telencephalic    neurones — Hecateromeric  neurones — Corpus 
callosum — Commissura  anterior  cerebri — Comuiissura  hippocampi. 

By  these  are  meant  neurones  with  cell  bodies  situated  in  one 
hemisphere  of  the  telencephalon,  while  their  axones  are  distrib- 
uted in  the  cortex  of  the  opposite  hemisphere.  They  might, 
therefore,  well  be  designated  the  intrinsic  heteromeric  telen- 
cephalic neurones.  Studies  by  Golgi's  method  go  to  show  that 
some  of  the  axones  bifurcate,  one  of  the  limbs  of  bifurcation 
passing  into  the  opposite  hemisphere,  the  other  being  distributed 
in  the  hemisphere  of  the  same  side.  Such  neurones  might  well 
be  called  intrinsic  hecateromeric  telencephalic  neurones. 

The  main  groups  of  neurones  here  to  be  considered  are  (1) 
those  with  axones  corresponding  to  the  medullated  white  fibres 
of  the  corpus  callosum,  (2)  those  with  axones  corresponding  to 
the  fibres  of  the  commissura  anterior  cerebri,  and  (3)  those  with 
axones  corresponding  to  the  commissura  hippocampi. 

1.  ThoM  the  Medullated  Azonet  of  which  oorreipoiid  to  the  Fihret  of  the  Corput 

CaUoinm. 

The  fibres  of  the  corpus  callosum  represent  the  axones  of  the 
majority  of  the  intrinsic  commissural  neurones  of  the  telen- 
cephalon, and  it  has  been  well  designated  the  commissura  maxi- 
ma. The  main  body  of  this  is  known  as  the  truncus  corporis 
callosi.  The  anterior  border  of  the  truncus  bends  sharply  down- 
ward to  form  the  genu  corporis  callosi.  As  a  result  of  the  curva- 
ture there  arises  a  ventral  horizontal  piece  of  the  corpus  callosum, 
about  two  centimetres  in  length,  which,  on  median  section,  looks 
wedge-shaped.     This   is   the   so-called   rostrum  corporis  callosi. 
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Its  thin,  inedullat«d,  leatlikc  extremity,  extending  baciiward  to 
the  lamina  terminaiis,  is  known  as  the  lamina  rostralis.  At  its 
posterior  horder  the  truncua  goes  OTer  into  the  much-thickened 
splenium  corporis  callosi. 

The  axones  of  which  the  corpus  callosiim  is  formed  pass  in  both 
directions,  some  going  to  aud  some  going  from  each  of  the  cere- 
bral hemispheres.  These  converging  and  diverging  fibres  form 
what  is  known  as  the  raaiatio  corporis  callosi ;  that  portion  of  il 
corresponding  to  the  lobus  froutalia  is  known  as  the  pars  fron- 
talis of  the  radiation.     In  the  same  way  there  is  a  pars  parietalis, 


FlO.  66S.— .Sclieiucnra  tianHVi^rsc  RCttion  through  the  brain  showing  the  pnihahio 
ilixpositioii  of  the  iN>nimu«iiml  uiid  prx^i'ttlon  Illircn.  i After  M,  RamAn  y 
(lU»l.  LcH  nouvt'lles  idft-v.  cU-..  .\zoulny.  Parii,  18M.  p.  00.  Kin- 15.  i  A, 
corpus  rflllisum  :  R,  rumiuiMiiiin  nntcrior  Fen'hri  ;  f.  fH«virii1i  ccrvbrivapiiialm 
(pyremidalcM) ;  a.  jiyrHmidul  ccIIh  Kivinfl  riw  toaiiiiips  iif  pyramidal  trart ; 
one  Rending  a  limburhifiircBliiin  thniiigh  thr  ruipus  ralloKUin  to  the  oppniito 
hrminiihtnt :  b.  pyniiniilHl  rell  srnding  axonp  tlinniKh  vorfiuH  cslluMini :  e, 
pyramidal  nOI  with  Hii  axonr  wliich  hifurcnbii;  one  Roing  thrciURh  the 
corpun  CHllosiim  to  the  nTipoaile  heraiBphiTc.  the  other  being  rtiatributed  to 
the  rortei  i>f  the  heiniHphciv  nf  the  same  side  :  d.  rollab'rals  rnim  cnllonl 
Abres;  e.  tenuiuuh  ormllcoal  fil)rea. 

a  pars  temporalis,  and  a  pars  occipitalis.  The  tapetum  is  also 
considered  by  many  to  form  a  portion  of  tlie  radiation  of  tlie 
corpus  callosiim,  altiiough,  as  has  been  seen  above,  recent  investi- 
gations are  in  opposition  to  this  view. 

The  coll  bodies  which  give  rise  to  the  axones  of  the  corpus 
callosum  are,  Ramon  y  ('ajal  believes,  those  of  the  small  or  me- 
dium-sized pyramidal  cells,  or  the  polymorphons  cells  of  the  cere- 
bral cortex.  It  may  be  that  some  of  the  axones  helping  to  form  the 
corpus  callostim  are  collaterals  from  the  axones  of  long  associatioB 
neurones,  or  even  of  the  axones  of  projection  neurones  (Fig.  66S)(^ 


GROUPING  AND  CHAINING  TOGETHER  OP  NEURONES,      1055 

Stxidies  of  secondary  degeneration  indicate  that  through  the 
corpus  callosum  the  activities  of  a  given  centre  in  the  cerebral 
cortex  of  one  side  are  associated  with  the  activities  of  a  precisely 
similarly  located  cortical  area  in  the  opposite  cerebral  hemi- 
sphere. Hamilton  *  is  of  the  opinion  that  the  fibres  of  the  corpus 
callosum  after  passing  into  the  opposite  hemisphere  do  not  go  out 
to  the  cortex  of  that  hemisphere,  but  pass  directly  downward 
into  the  internal  capsule  and  parts  below.  lie  believes,  however, 
that  the  cell  bodies  of  these  axones  are  situated  below,  and  that 
the  fibres  pass  up  through  the  internal  capsule  and  then  through 
the  corpus  callosum  into  the  opposite  hemisphere.  Thus  impulses 
would  pass  along  them  from  the  lower  centres  to  the  higher, 
which  are  of  significance  in  educating  the  motor  cortex — that  is, 
serve  as  a  means  of  conveying  impulses  to  arouse  the  motor  area 
of  the  brain.  This  view  has  not  as  yet  received  the  general  sup- 
port of  neurologists,  and  the  extirpation  experiments  of  Melius, 
Muratow,  and  others  do  not  tend  to  confirm  it.  Ferrier  and 
Turner,  however,  in  a  recent  article  seem  to  support,  in  part  at 
least,  the  hypothesis  of  Hamilton. 

S.  TbflM  th»  Mftdiillatad  Axonet  of  whieh  corretpond  to  the  CommiMiira  Antarior 

Corobri. 

This  bundle  of  medullated  axones  is  situated  just  in  front  of 
the  columnse  fornicis  as  they  plunge  into  the  tuber  cinereum.  It 
is  in  reality  situated  in  the  region  of  the  diencephalon,  but  the 
cell  bodies,  which  give  rise  to  the  axones  which  constitute  it,  are 
situated  in  the  telencephalon,  partly  in  the  rhinencephalon,  partly 
in  the  pallium. 

The  anterior  commissure  can  be  divided  into  two  parts — (1) 
a  pars  anterior  and  (2)  a  pars  posterior  (Fig.  000).  The  par» 
anterior  belongs  apparently  wholly,  or  almost  wholly,  to  the  rhi- 
nencephalon connecting  the  olfactory  cortex  of  one  side  with  thau 
of  the  other  side.  It  is  much  larger  in  many  animals,  eKjK^;ially 
in  macrosmatic  mammals,  than  in  man.  The  pars  anterior 
atrophies  tn  toto  after  extirpation  of  the  bulbus  olfacU>riu«  on  one 
side  (Ganser),  or  after  extirpation  of  the  lobus  olfacUmuH  of  ou*i 
ride  (A.  Meyer). 

*HaiBiltoiL  D.  J.    On  the  Torjius  Callr,^urii  in  thi-  AiJult  JJumau  iJnuij. 
J.AMLnd  Phjaol..  Lfmd..  tM.  xix  (lHf<i''X}),  pp.  :i85  41i.— On  tfi»  Stru*- 

SigDific^rir-*-  of  th*r  Hurijiiri  T'orpu'-  ralK^urn.     'Suid- 
IioimI^  toL  xxiTi  n88:;->4,.  p.  :^'J. 
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The  pars  posterior  of  the  anterior  commissure  is  believed  to 
associate  the  activities  of  a  portion  of  the  temporal  and  of  the 

basal  part  of  the  occipital 
lobe  of  one  side  with  those 
of  similar  cortical  areas  on 
the  opposite  side.  In  devel- 
opmental stages  of  the  or- 
ganism the  pars  posterior 
of  the  anterior  commissure 
stands  in  intimate  relation 
to  the  ventral  portion  of  the  splenium  corporis  callosi,  and  is 
really  morphologically  widely  separated  from  the  pars  anterior. 

The  view  is  prevalent  that  the  commissura  anterior  cerebri  is  a 
supplement  to  the  corpus  callosum,  its  axones  originating  and 
terminating  in  areas  of  the  cortex  unprovided  for  by  that  body. 
The  comparative  anatomy  of  the  structure  has  been  studied  by 
Osborn,*  C.  J.  and  C.  E.  Herrick,t  Edinger,J  Smith,*  Syming- 
ton,! and  by  Adolf  Meyer.-^ 


Fig.  666. — Scheme  of  the  commissura  ante- 
rior cerebri;  p.L,  pars  posterior;  p. a., 
pars  anterior.  (After  A.  Rauber,  Lchr- 
buch  der  Anatomie  des  Menscheu,  V. 
Aufl.,  Bd.  ii,  Leipz.,  1898.  8. 388,  Fig.  336.) 


♦  Osborn,  II.  F.  The  Origin  of  the  Corpus  Callosum,  a  Ctmtribution 
upon  the  Cerebral  Commissures  of  the  Vertebrata.  Morphol.  Jahrb.,  Leipz., 
Bd.  xii  (1886-'87),  S.  223 ;  530. 

j-  Herrick,  C.  J.  The  Cerebrum  and  Olfactories  of  the  Opossum  Didel- 
phys  Virginiana.  J.  Corap.  Neurol.,  Cincinnati,  vol.  ii  (1892),  pp.  1-20. — The 
Commissures  and  Histology  of  the  Teleost  Brain.  Anat.  Anz.,  Jena,  Bd. 
vii  (1891),  S.  676-681.— Additional  Notes  on  the  Teleost  Brain.  Anat.  Anz.. 
Bd.  vii  (1892),  S.  422-431.— The  Callosum  and  Hippocampal  Region  in  Mar- 
supial and  Lower  Brains.  J.  Comp.  Neurol.,  Granville,  vol.  iii  (1893),  pp. 
171-182. — Also  C.  L.  and  C.  J.  Herrick.  Contributions  to  the  Morphology  of 
the  Brain  of  Bony  Fishes.  J.  Comp.  Neurol.,  vol.  i  (1891),  p.  211 ;  333;  and 
vol.  ii  (1892),  pp.  21-72. 

X  Edinger,  L.  Vergleichend-Entwickelungsgeschichtliche  und  anato- 
mische  Studien  im  Bereich  der  Himanatomie,  Anat.  Anz..  Jena,  Bd.  viii 
(1893),  S.  305-321. 

•  Smith,  G.  E.  Notes  upon  the  Morphology  of  the  Cerebrum  and  its 
Commissures  in  the  Vertebrate  Series.  Anat.  Anz.,  Jena,  Bd.  xi  (1895),  S. 
91-96. — Morphology  of  the  True  Limbic  Lobe,  Corpus  Callosum,  Septum 
Pellucidura,  and  Fornix.  J.  Anat.  and  Physiol.,  Lond.,  vol.  xxx  (1895-*96), 
pp.157;  185;  450. 

I  Symington,  J.  The  Cerebral  Commissures  in  the  Marsupialia  and  Mono- 
tremata.     J.  Anat.  an<i  Physiol.,  liond.,  vol.  xxvii  (1892-'93),  pp.  69-84. 

^  Meyer,  Adolf.  Ueber  das  Vorderhirn  einigor  Reptilien.  Inaug.  Diss., 
Leipz.  (1892),  S.  1-73.— Zur  Homologie  der  Fornix  commissur  und  des  Sep- 
tum lucidum  bei  den  Reptilien  und  Sftugeru.  Anat.  Anz.,  Jena,  Bd.  x 
(1894-'95),  S.  474-482. 
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3.  ThOM  the  Modnllated  Axonet  of  which  oorreipond  to  the  Fibres  of  the 

Ckmuniesnra  Hippocampi. 

This  in  man  and  mammals  consists  of  a  bundle  of  medullated 
axones  extending  between  the  crura  fornicis  of  the  two  sides  and 
connecting  the  hippocampi  with  one  another.  Fibres  run  in 
both  directions,  forming  apparently  a  true  commissure,  the  so- 
called  psalterium  or  lyre  of  David.  It  can  be  divided  into  two 
parts,  one  more  dorsally,  the  other  more  ventrally  located.  This 
is  especially  true  of  the  commissura  hippocampi  of  animals.  The 
axones  probably  have  their  origin  in  the  pyramidal  cells  of  the 
hippocampus. 


(C)   Association  Neiirones  of  the  Telencephalon. 


CHAPTER   LXVII. 


ASSOCIATIOX    NEl'RONES   OF   THE   TELENCEPIIALOX. 

Tautomeric  telencephalic  neurones — Fibnv  propria^ — Stratum  calcarinum — 
Fasciculus  occipitalis  perpeiulicularis — Fasciculus  occipitalis  transver- 
sus  cunei — Fasciculus  occipitalis  transversus  gyri  liiifjualis — Stratum 
proprium  cunei — The  cingulum — The  fasciculus  longitudinal  is  sujie- 
rior — The  fasciculus  uncinatus — Association  bundles  of  the  fornix — 
The  tapetum. 

These  might  well  be  called  the  intrinsic  tautomeric  telenceph- 
alic neurones.  By  them  is  to  be  understood  neurones  which 
connect  a  portion  of  one  hemisphere  with  another  portion  of  the 
same.  These  association  neurones  may  be  divided  into  (1)  those 
with  short  axones  and  (2)  those  with  long  axones. 

The  association  neurones  with  short  axones  include  the  fibrse 
propriae  of  the  cerebral  gyri.*  Some  of  them  are  medullated 
very  late.  In  many  of  the  convolutions  almost  all  the  white 
fibres  present  consist  of  these  short  axones.  The  shortest  axones 
are  most  superficial ;  the  longer  ones  pass  deeper  into  the  white 
matter.  They  vary  in  direction  corresponding  to  the  position 
and  curves  of  the  different  gyri.  They  are  evidently  for  the 
purpose  of  co-ordinating  the  functions  of  neighboring  gyri. 

Ramon  y  Cajal  believes  that  the  axones  of  the  association 
neurones  arise  from  the  polymorphous  cells  of  the  smaller  and 
larger  pyramidal  cells  of  the  cerebral  cortex.  They  give  off 
numerous  collaterals  so  that  the  excitation  of  one  of  these  neu- 
rones can  lead  to  alterations  in  the  neural  activity  of  many  other 
neurones   situated  in  various  parts  of  the  cerebral  cortex.     A 


•  These  are  the  neurones  the  axones  of  which  were  described  as  fibra* 
arcuata?  by  Arnold  and  as  U-shaped  fibres  by  Meynert.  They  include  also 
the  external  layer  of  tangential  fibres,  the  so-called  stripe  of  Gennari.  and 
the  super-radial  plexus  of  Edinger  in  the  external  zone  of  the  cortex  as  well 
as  the  interradial  plexus  situated  in  the  deeper  portion  of  the  cortex. 
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schematic  repreeentatioD  of  Rani6n  y  Cajal'a  views  concerning 
the  association  neurones  is  reproduced  in  Fig.  667. 


Fig.  887.— Scheme  of  an  nnttro-pontenorsetliin  through  the  cprebrum  showing 
(he  dispnailjuii  of  thi  HXunca  of  ahMKiHtiun  luuroiKH  nhi  li  (.unnect  the 
tubus  front«1i»  with  the  lohiis  Hcipitalis  (  \fter  S  Karafin  v  Uual.  Le* 
uouvclles  id^ra,  i-tr  \xuiiIhv  Pans  1894  p  5H  FiK  4  )  die  pyramidal 
itUs ;  d,  tiTroinal  of  an  aione  r  collatciTU  of  ttssociBlioQ  aiones ;  /,  fibre* 
of  corpus  talliHUm  LUt  tran^i  em  Ijr 


1.   ThOM  with  Short  Axdiim. 

The  short  association  neurotics  have  been  most  carefuUj 
described,  especially  in  the  occipital  and  frontal  lobes,  by  Wer- 
nicke,* Sachs,!  VialetjJ  and  Dejerine.* 

Among  these  may  be  mentioned  for  the  occipital  lobe : 

(1)  The  stratum  calcarinum  (Fig,  (168),  uniting  the  superior 
lip  of  the  calcarine  fissure  to  its  inferior  lip  by  its  shorter  fibres, 
and  the  medial  surface  of  the  cuneus  to  the  inferior  and  medial 
surface  of  the  gyrus  lingualis  by  its  longer  fibres. 

(2)  The  fasciculus  occipitalis  verliciiUs,  or  perpendicularis, 
of  WernickeJ  uniting  the  superior  border  of  the  occipital  lohe 
lo  its  inferior  surface.  As  a  matter  of  fact,  it  connects  the  gyri 
occipttales  superiores  with  the  gyri  occipitales  laterales  and  the 

•  Wernicke,  C.  Lehrbuch  der  Gehirnkrankheiten  fQr  Aente  und  Studi- 
rende.     Kassel  u.  Berlin  (1881-'83). 

t  Sachi,  H.  Das  HeraisphSrenmark  des  menschlichen  Gro^shims.  I. 
Der  Hinterhauptlappen.  Leipz.  (1892),  p.  31,  4to.~Vortrage  ueber  Bau  und 
Tbitigkeit  des  Grosshirns  und  die  I^ehre  von  dcr  Aphasie  und  Seelenblind- 
hett  fQr  Aerzte  und  Stndirende.     Breslau.  p.  306.  Svo  (1893). 

t  Vialet,  N.    Les  centres  cerebraux  de  la  vi 
D«l  intra-cerebral.     Par.  (1893).— Note  a 
du  lobe  occipital  d'un  faisceau  d 'association  dis 
du  lobule  Un^aL     C'oiiipt.  rend.  Hac,  de  biol., 
795. 


■  Dejerine,  J.     Anatoinie  dea  ci 
I  Stratum  proprium  convexitat 


appareil  nerreiii  vis- 
it la  partie  infcrieiire 
't,  Ic  faisceau  transversaie, 
■.,9.  s.,  t.  v(1893),pp.T93- 

Par.  (1895),  pp.  742-786. 


1060 


THE  NERVOUS  SYSTEM. 


gyrus  fusiformis.  Anteriorly  it  extends  between  the  gyrua  angu- 
laris  and  the  gyros  temporalis  medius  and  the  gyrua  temporalis  - 
inferior. 


\0.  6A8.— Vvrtiral  tmiuvene  wvtion  of  thp  left  occipital  lobe  to  show  the  oiikId 
and  cuiiree  of  thv  short  uwKUttiuii  Bbns  of  thr  lobus  occiiiiUlis  <;p*Ttl7 
srheiuatic).  (Aflvr  J.  Dcjptinp  AnBtomie  des  centres  niTveui,  PBiiii,  IMS.  p. 
783,  tljc-  389. )  6',  fDUi-ui :  far.  fibnc  pruprue :  Fit.  fssc-icuhiH  lonnitudinulU  io- 
foriur:  filgl'.  (Hwicu  lug  occipitalis  tnuwvenug  fiyrl  liUfiUBliB;  /IcN.  buciculna 
ocripitHlin  transvcreuK  cunei ;  Fnu,  gyniK  fUHiFoniitii ;  w.  huIcus  occipitslii; 
■'    "         1  calotrinii;    I^,  gyrus  liimualiH ;    Ig.  buIcub  of  itynis  linfcuslis; 


s  occipital  ia 


0,.O,,O,,  R;ri  occipitales ;  ot,  buIcuh  occipibilis ;  Or.  faxcirulu 
viTticulLt ;  uf,  fissura  vollHtt'rsIifl ;  pa.  fissure  pAriHalis  ocripitalis  -,  way.  ft^nu 
prurundUB  connMrtintc  cuncugwith  the  syma  rornicatas;  RTK  ladiatio  oc- 
cipibi-tluluniica  Gratiuleti ;  ifl.  stripe  of  Bftillainer;  irtrA',  Btratnm  olca- 
riuuni ;  KlrprC.  straluin  pmpriiiDi  cuncl ;  Tap,  (apctum  ;  V,  ribbon  of  Vicq 
d'Azyr ;   I  uc,  curnu  pusterius  veutriculi  iBtvnilis. 

(3)  The  faKcienb'n  occipitalis  tranxversus  cunei*   extends 
from  the  superior  lip  of  the  calcarine  fissure  lateralward  and 


GROrPlXG  AXD  CHAIXIKO  TOGKTHKK  OK  NKl  K^^NKS,      ^^^| 

then  cunres  upward  and  probably  tonniuaKvfi  in  iU^  \SxH^\  xxt 
the  conrex  surface  of  the  occipital  IoIh\  At\\>r\H^\jt  U>  S«ioh^ 
some  fibres  go  obliquely  forward  ami  laton\l\xa«>)  U>  ibi^  )\\buU\« 
parietalis  superior  and  the  gyrus  anguluris. 

(4)  The  fasciculus  occipitalis  trtnisiYt\ws  yj^ri  hH^)^f*hii 
of  Sachs  and  Vialet  extends  from  tho  inforior  lip  of  tl\i^  ouK^rU\i» 
fissure  (gyrus  lingualis)  lateralward  to  tho  oonvoxily  of  \\\\>  oo 
cipital  lobe  (gyri  occipitales  latorales).  It  Ik  ftir  tho  inforior  lip 
of  the  calcarine  fissure  what  the  fasciculuH  (MH'ipilulln  trai\iiV(M'iiUii 
cunei  is  for  the  superior  lip  of  the  calcarint^  llnnurt*. 

(5)  The  stratum  propriiim  cunei  of  Htxvhn  cMinnlntn  nf  vorlloal 
fibres  extending  from  the  superior  lip  of  tln^  nulparliii*  fUnuro 
yertically  upward  to  radiate  out  into  the  <:ort<<.x  muir  iho  Jiiiioiliin 
of  the  medial  with  the  lateral  surface  of  tlit!  honilKpliMrn. 

In  the  frontal  lobe  fewer  distinct  bundh^M  of  Mhort  iMMoiilfitliMi 
fibres  have  been  made  out  According  to  Di^Ji'rliMs  thi<  lllihi» 
propriae  of  the  frontal  lobe  are  grouped  around  tliif  rorotm  fad) 
ata,  some  extending  transversely  li«;tw(;4fn  i\u^  rniMlial  mtrttyn*  of 
the  frontal  lobe  and  its  orbital  and  Iat4;ral  p^urfwi%  otliiirii  i<« 
tending  vertically  and  cx>nrie^;ting  the  varioiiw  ^yri  of  Um*  htUn 
with  one  another.  Still  other  bundlen  HmiitfUi  a  mmiiUi\  tUrhtiiUfU^ 
especially  those  in  front  of  the  jfo^^tarttia  fi^fff//raU  HuUtr'Uff, 

Similar  short  associatiofi  Mfurou*^  ha^tr  \pt*i-$i  t\t^'f'i\tM\  )u  ih*^ 
lobns  temporalis  m  weil  a«  in  l\t^,  lU^nU.  i',ui  ihun  fttf  tmf 
knowledge  of  theie  bandit  U  u^^  lltnif^}  V/  utnk^.  iMt  fMMfM 
consideradoii  o€  proSt  in  ihiM  jA^:^. 


The  iBwyfiTTiMi  z/tMr^Au^  t^^a^n^m^.y;  •/r,^  %u^^a  if^ih.  f,M.ff 
better  fiodxd.  mz  tiif!r  ^^wn^j'^cat  ^/  7;wv/w  if,f*^^^^;t0//f*  ^//f^z-^fh 
ing  tbe&  jrt  ^clI  masn^^jj  trvnrnrt >^>vr *      %  Af^^^.  *iv  v  />,/  ,  t,  v^ 
the  wxaB  pMiiiif!s  ta*  5uUv«»^;3sr  *n«r>«!Ku»i^r>  ^^sf  "^  ^■//^,>^^f^/% 
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cephalon.    The  bundle  extends  in  a  sagittal  direction  cloBe  to  the 
medial  Burface  of  the  cerebral  hemisphere  in  the  white  matter  of 


la.  OBB. — Fariiw  mi-dialiH  hcniifiphiprii  Hinistri  nhowinKthr  cinKulum,  the  bscic- 
uIdb  lonfiitlidJiialiB  infcriiir.  and  uthcr  biiiidlpH  of  BHwvlBtifin  fibnn.  (After 
J.  Dej^rinp.  Anatiimie <1k  vpnlrcK iitncux.  Pllri^  1S99,  p.  752.  FifE-  374.)  C. 
eunrus;  ntigdi).  bwinilus  aiilerinr  of  tht'  ciiiKUluni ;  CinjriAi,  horizontal  ur 
superior  bniullE  of  the  KiiiKUlum  ;  f'rii!f(jil,  poiiU'rior  himdltof  thr  ringuhim  : 
en.  HUlciia  i-iiiRulJ ;  em',  vi-rlical  purtiim  iif  huIi'Us  i'IdkuII  ;  Fbi,  ham^  liitcnial 
IWiculuB  of  Burfach ;  Fli,  faHriciiluH  luiiiritudinalU  inferior;  Fuf,  gyrus 
fuHlfunniH;  }I{L),  gyns  hippocampi ;  A',  flnnira  calvariiia  ;  /..  gynia  rinfcuii ; 
I^.  KyniB  linguali*:  nf.  medial  HtirTiuv  i>f  gyrus  fniiitiiliii  superior :  of.  6f- 
HUra  rollateralis ;  ftirr.  lobulus  pnrarentralis  ;  i^irc,  buIi-us  in  fruDt  nt  lubuliis 
parawnlnilis ;  po.  fiwura  paricW-oecipitHUi* ;  PrC,  piwcuneus ;  w,  hqIpuh  Mib- 
orbiraliB  of  Bruca;  ttrK,  atratum  caltariiium  :  Tt,  gyrus  Ivmporalis  inferior; 
Th,  Ihalaiuus. 


the  two  main  parts  of  the  gyrus  fornicatus,  namely,  the  gyrus 
cinguli  and  the  gyrus  hippocampi.  Dejeriue  describes  it  as  an 
arcuate  bundle  which  turns  around  the  roBtrum,  genu,  trun- 
cus  and  spleuium  of  the  corpus  callosum.  At  the  isthmus  gVTi 
fornicati  it  goes  into  the  depth  to  enter  the  gyrus  hippocampi, 
through  which  it  extends  toward  the  uncus.  The  bundle,  bow- 
ever,  is  not  made  up  of  asones  which  extend  the  whole  length 
of  the  eingnlum,  but  of  a  great  number  of  shorter  axonea 
which  are  ever  entering  and  leaving  the  bnndle.     According  to 
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BecTor,*  it  consists  of  three  independent  faecicali — one  anterior, 
a  second  horizontal,  and  a  third  posterior  (Fig.  609).  The  ante- 
rior bundle,  he  believes,  connects  the  substantia  perforata  ante- 
rior, and  especially  the  region  of  the  termination  of  the  medial 
olfactory  stria,  with  the  anterior  extremity  of  the  frontal  lobe. 
The  horizontal  fasciculus  ujtends  between  the  medial  lateral  sur- 
face of  the  frontal  lobe  and  the  gyrus  cinguli,  while  the  posterior 
fasciculus  situated  chiefly  in  the  gyrus  hippocampi  connects  this 
gyrus  with  the  gyrus  lingualis,  gyrus  fusiformis,  and  the  cortex 
of  the  polns  t«mporali8.  The  cingulum  in  the  developing  brain 
is  shown  in  Fig.  670. 

-' .     ^^ 


Flo.  fl70. — Marchi  prvjianiticiii  ahowiuK  cleKenemtion  in  [Inti'H  bmin  afterdcRtnie- 
tion  »f  (he  lolms  frontftlin.  i  AfU-r  Shiikowski.  taki-n  fnim  W.  vtin  Bi'cht^rpw. 
Die  LeitUDKBbahneu  ini  Ovhim  und  Riii-krnnmrb,  IViitM'li  vnn  R.  Wrinberf!. 
11.  AuO.,  Leipz.,  iseo.  S.  SON.  Fie.  535.)  nt,  diiiimiwura  anterior  rfrehri  r»n- 
tajning  degenerated  flbrvs,  tvhinh  on  tlie  If'H  Hii'c  in>  iivcr  intii  Hie  cxtemal 
capaultf  :  rt,  csniiila  eitcnia ;  ti.  istpHiila  interna  i  'arkrdly  degi'iK^mted  ;  /m. 
clngnlum ;  ;(.  fumix  longun  on  iIh  ivujr  throiiKli  the  i^orpus  culliieuin ;  /tc, 
fiucicnlug  sDbcalluBUB ;  Sp,  fornix  fllirt'S  in  (he  wptuin. 

The/asciCM^us  longitiidinnlis  siipfrior,\  triangular  in  coronal 
sections  of  the  brain,  extends  as  a  curved  bundle  in  a  sagittal 

•  Beeror,  C.  E.  On  the  Course  ot  the  Filires  of  the  finf;iiliiin  and  the 
Posterior  Parts  of  the  Corpus  Callosiini  ami  F»rni\  in  the  Marinaset  Mniikey. 
Phil.  Trans.  Roy.  Soe..  1801.  Lind.  (1H92),  vol.  clixxii  (B.),  pp.  135-101). 

f  FaBciculus  arcuatus  of  Uurdach. 
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direction,  apparently  between  the  frontal  lobe  and  the  occipital 
lobe  (Fig.  671).  The  cell  bodies  of  the  neurones,  which  give  rise 
to  the  axones  which  constitut«  it,  have  not  been  well  localized. 


Pl(f.  B7I.— I.nliTiil  nurfiire  nf  the  left  l■cn■^™l  heniiBphirp.  The  islgos  of  the  fls- 
sum  ron-liri  Inli'mlis  (Sylvii)  havi-  bifii  n-uiuvpd.  hikI  lli<'  nyri  pulliil  ipart 
to  nhon-  llio  insular  and  retmiiisiilnr  n-jciun.  Tin-  fuwii.'ultiK  uiicinatuit.  the 
Gutciculas  lonKitudinalU  lUipiTiur,  and  the  faHrivulus  iKciiiitatis  vcrtiislin are 
M'en  in  tranHperenry.  i  After  J,  Diji'iinc,  Anatunik>  dtit  I'entrcB  nrrvraz, 
Pnrla.  1HH5.  p.  TS7.  Pig.  377. )  Arr.  lan-iculiiH  lunfdtiidinHliH  Huperinr;  F,.  Ft. 
KvruH  frcmtaliH  nicdiun  and  gyruH  rruntaliN  infi-rinr ;  /,.  sulcus  fmntalis  infe- 
nur:  f,,  sulci  iirhitiilcH :  FtiC).  fiynui  rruutnlis  iiifprior,  pan  triangularis; 
/Vi,  jcyrUH  centniUK  antiTiur:  fU,  uscii-DluH  unniiatUH;  fa.  /p,  gyri  iiuulie; 
ip.  snlcuB  intripurictaliB ;  umi.  mji,  »/,  sulcun  circnlHrig  Ki'ili :  li,  Ot.  )[yri  uc- 
cipitHlcs:  aa.  sulcus  orciiiilaliH  antiriiir  iiT  Wi'niiihc  :  d^',,  uF,.  oF,.  ■)rl>ilal 
portion  of  rnintiil  (tyri  :  OjiR.  o|ii-niiium.  jisin  frontalis;  l>pl\.  uperciiium. 
tan' periclBlis  :  Or.  fitKrii-uIuii  iimpitaliK  vcrlii-aiiK ;  A.  liihulunpiirictBliHinipr- 
riur  ■  /^,  liihulus  pnrictalis  inf^rinr;  Ri.  Bynis  wiitralis  pcwli-nor;  /V.  nynis 
aiiKularis  :  Ppo.  flHsuni  pa ricti>-iiii.'ipi talis  :  pur,  uirliiin  of  sulcus  intcrparii-- 
tHliH  bi'iiinil  tht  iippi-r  pwrt  of  tlio  (Ofnis  ci-ntmlls  piMlcricir ;  pri.  sulcus  pitr- 
■vTilrilis.  a.  Hiilciis  centralis  Riilandi :  f{ti:  Kr),  aTik-riiiTand  vertical  ramus, 


It  would  appear  that  the  axoues  of  the  bundle  are  of  variable 
length,  the  majority  of  them  not  running  through  the  whole 
extent  of  the  fasciculus,  but,  as  with  so  many  of  the  association 
bunillcs,  axones  are  ever  entering  and  leaving  this  fasciculus. 
Among  the  aionea  in  it  are  doubtless  some  extending  between 
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the  gyrus  temporalis  superior  and  the  inferior  frontal  gyrus. 
This  hundle  on  the  left  side  is  therefore,  in  all  prohahility,  of  the 
highest  importance  in  connection  with  the  functions  of  speech^ 
since  in  the  gyrus  temporalis  superior  is  located  the  centre  for 
word  memories,  while  in  the  gyrus  frontalis  inferior  is  situated 
the  centre  for  memories  of  the  movements  concerned  in  the  ar- 
ticulation of  words  (Broca's  centre).  It  is  highly  probable  that 
axones  run  in  both  directions  in  the  fasciculus  longitudinalis 
superior. 

The  fasciculus  longitudinalis  inferior  *  is  usually  described 
as  extending  between  the  lobus  occipitalis  and  the  lobus  tempo- 
ralis. Itiruns  for  a  large  part  of  its  course  close  to  the  radiatio 
occipito-thalamica  Gratioleti,  but  can,  as  a  rule,  be  easily  distin- 
guished from  the  latter  (Fig.  672).  In  it,  too,  in  all  probability, 
are  axones  running  in  both  directions ;  in  the  one  case  the  cell 
bodies  of  the  neurones  to  which  these  axones  belong  are  situated 
in  the  occipital  lobe ;  in  the  other  the  cell  bodies  are  situated  in 
the  more  anterior  parts  of  the  brain.  The  majority  of  the  ax- 
ones, however,  appear  to  have  an  occipitofugal  direction.  It  is 
believed  by  the  majority  of  investigators  that  a  great  many  of 
these  axones  terminate  in  the  temporal  lobe,  especially  in  the  gy- 
rus temporalis  superior,  and  the  idea  at  once  arises  that  this  bun- 
dle is  the  one  concerned  in  connecting  the  visual  sense  area  of 
the  occipital  cortex  with  the  auditory  sense  area  of  the  temporal 
cortex.  These  areas  are  undoubtedly  connected,  directly  or  in- 
directly, by  means  of  association  neurones.  That  the  fasciculus 
longitudinalis  inferior  is,  however,  the  bundle  concerned  is  by  no 
means  definitely  proved.  The  difficulty  lies  in  the  fact  that  in 
the  anterior  part  of  its  course  it  is  extremely  difficult  to  differen- 
tiate fibres  which  belong  to  it  from  other  fibres  which  are  adja- 
cent to  it  or  even  mixed  up  with  it — for  example,  the  meduUated 
axones  from  the  corpus  genicnlatum  mediale  and  many  of  the 
cortipetal  axones  from  the  nuclei  of  the  thalamus.  Flechsig  ap- 
parently denies  a  connection  of  the  fasciculus  longitudinalis  in- 
ferior with  the  temporal  lobe ;  indeed,  he  inclines  to  the  view 
that  much  of  this  bundle  consists  of  the  medullated  axones  of 
projection  neurones.  The  majority  of  investigators,  however, 
insist  upon  the  connection  above  described,  and  attribute  many 


*  Stratum    sagittale    externum    (Saohs) ;    faisceau    sensitij     (Charcot, 
Ballet). 
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of  the  visual  disturbances  accompauying  aphasic  lesions  t»  inter- 
ruption of  the  fibres  of  this  path 


...F«; 


FlCi.  072. — VertiiAl  traiisvorse  arctioii  piisHiiig  thniuRh  the  pust^rior  part  uf  tbv 
piwruneus,  the  fliwunt  piirifto-iiccipitBlis,  thuflsBUrttctilcariini.  rtc.  Methml  uf 
Wi'inert.  (AftaT  J.  Di^LTini!.  Aiutumie  tU-s  leutnt"  iitnieui,  ISUS.  p.  76S. 
PiK-  3H4.)  Flu  bwicuIuK  Iimitituiliiwlia  infi-H^ir:  Fm.  roniii  major: /tr.S'. 
Giarlvuliis  tranHVpniua  CDHpi ;  Au,  gynm  l\iniriinuiit ;  ta,  miIi'uh  occipitaliii :  iji. 
EUk-iw  intvrpHriclallB ;  K,  fimun  calcurinn  ;  !^.  gyran  linidiiiliH :  (M,  (>t.  gyri 
ocripitalpH :  a,,  iiuli>UB  ocriNtuIlii ;  on',  iiicisurr  uf  the  ini1rii!i  no-ipilalis  aii- 
ti'iiur  of  Wernicke:  irf.  6ii1eii»  vullntoniliB :  J'l,  lubulUK  parietulif  superiur: 
i%,  Kyriis  auBiilHris  ;  jio.  fismm  |ifiriet<i-iM.<'i|)it»1ig :  PrC.  priK'nneun  ;  RTk. 
radiutii)  cH'clpilo-thiiluuiini  Unitiiilt'ti :  Tap.  Cxpetuai ;  Tor.  vumu  poeterius 
yentriculi  lattTiilis. 

The  fasciculus  nvcina/us  is  a  bundle  of  medullated  axones 
which  extends  between  the  unciis  and  the  basal  portions  of  the 
frontal  lobe.  It  would  appear  to  be  an  association  bundle  belong- 
ing to  the  rhiaoucephaloQ,  connecting  as  it  does  the  temporal 
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sense  area  with  the  olfactory  sense  area  in  the  base  of  the  frontal 
lobe.  Authors  are,  however,  by  no  means  agreed  as  to  its  exact 
origin  or  as  to  its  functions. 

Many  of  the  axones  of  the  fornix  are  to  be  looked  upon  as 
the  mednllated  axones  of  long  association  neurones.  Especially 
is  this  true  of  the  so-called  olfactory  bundle  of  the  fornix  which 
connects  the  hippocampus  with  the  substantia  perforata  anterior. 

The  tapetuniy  usually  described  as  a  part  of  the  radiation  of 
the  corpus  callosum,  is  now  believed  by  many  to  have  nothing  at 
all  to  do  with  that  body,  but  to  represent  a  bundle  of  meduUated 
axones  of  long  association  neurones  which  connect  the  occipital 
and  frontal  lobes  with  one  another.  Thus,  in  instances  of  con 
genital  absence  of  the  corpus  callosum  it  has  been  stated  that 
the  tapetum  has  been  found  normally  developed  (Fig.  673) 
(Forel  and  Onufrowicz,*  Kaufmann,f  HochhauSjJ  Bruce.^)  Forel 
and  others  believed  that  the  tapetum,  therefore,  represents  a  por- 
tion of  the  fasciculus  longitudinalis  superior,  but  this  is  vigor- 
ously opposed  by  Sachs  and  by  Dejerine.  Sachs  thinks  that  the 
tapetum  really  belongs  to  the  corpus  callosum,  and  that,  in  cases 
of  congenital  absence  of  the  latter  body,  instead  of  passing 
through  from  one  hemisphere  to  the  other,  its  fibres  are  trans- 
formed into  a  sagittal  bundle  which  does  not  leave  the  hemi- 
sphere in  which  the  fibres  belong.  Dejerine  holds,  on  the  con- 
trary, that  the  tapetum  belongs  neither  to  the  fasciculus  lon- 
gitudinalis superior  nor  to  tlie  corpus  callosum,  and  that  it  is 
not,  as  Sachs  would  have  us  believe,  a  displaced  bundle  of  the 
corpus  callosum.  He  thinks  that  it  is  an  independent  sagittal 
association  bundle,  differing  from  the  fasciculus  longitudinalis 
superior  in  that  it  is  located  medial  to  the  corona  radiata  form- 
ing the  roof  of  the  lateral  ventricle,  while  the  fasciculus  longitu- 
dinalis superior  is  situated  lateral  from  the  corona  radiata,  its 
most  inferior  fibres  being  situated  lateral  from  those  of  the  ex- 

♦  Forel,  A.  Fall  von  Mangel  des  Balkens  in  einem  Idiotenhirn.  Tage- 
blatt  d.  54-  Vers,  deutsch.  Naturf.  u.  Aerzte  in  Salzburg  (1881). 

+  Kaafmann,  E.  Ueber  Mangel  des  Balkens  ira  menschlichen  Gehirn. 
Arch.  f.  psychiat  u.  Nervenkr.,  Berl.,  Bd.  xviii  (1887),  S.  769;  Bd.  xix  (1888), 
S.  229. 

X  Hochhaus,  H.  Ueber  Balkenmangel  im  menschlichen  Gehirn.  Deutsche 
Ztschr.  f.  Nervenh.,  Leipz.,  Bd.  iv  (1893-'94),  S.  79-93. 

•  Bruce,  A.  On  a  Case  of  Absence  of  the  Corpus  Callosum  in  the  Human 
Brain.    Proc.  Eoy.  Soc.,  Edinb.  (1887-'88),  vol.  xv  (1889),  pp.  321-341. 
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ternal  capsule.  He  preferB,  therefore,  to  describe  it  as  the  fat- 
ciculus  occipilo-frontalis,  identifying  it  with  the  bnndle  de- 
scribed by  Meynert  as  the  radiation  of  the  nncleuB  caudatus  and 


Flo.  fl73. — Two  Tortioal  trantiTprw  dcetinnB  from  a  I'cri'hral  hcminpheTF.  with 
RKPiicsiH  of  till'  corpuB  calloMim.  (After  Fcin'l  nod  Onufniwirn.  from  J. 
Drjcrine'N  tcit-book.)  A.  SiTticin  pni4'inK  thruueli  piilvinar  of  i>|itir  thal- 
aniiis.  B.  Spctinn  Rbniit  20  mm.  farther  hnck.  A.  AIt.  alvetm;  OA.  hippn- 
iwmpiiH  (comii  ammonUi :  t\l,  tanriH  ilrntHta  hippiK'ampi :  Ok.  orpas  griii- 
eiilHliim  lutoralv :  Cirl.  ri'inilfn  lien  III  r  porticm  of  mpMila  interna ;  *•, 
divertiriiliim  of  the  mibieuliim  ;  Ke.  iiIri'  of  een'hnil  eortcx  :  ^t.  fuHi'lmliM 
[onjcitudinalJH  inferiiir;  IT.  Rynm  hippoeHmpi :  h.  flmiira  hippmnrnpi :  f^. 
Kynm  einmili :  Xr,  mieleiis  «iinl«lii»;  jVr',  raudn  mii'lel  niiidati ;  XLt. 
pitamen;  OF,  ()ifirieulnKOc('ipiti>>frcjntiiliKorPorelan[i  niiiirnwicx:  of.  finnTS 
nillateralJH ;  PhI.  pnlvlnnr ;  7^.  corpiiH  fornirJK ;  Tfip.  fimhria  hippiH'ampi ;  17. 
ventriiiilas  lat^iBlix :  Fnph.  eornii  iiirt'riiiH  vcnlriculi  biti'ntiifl.  li.  C,  runriw : 
Km.  I'Dluar  itviii ;  F>i.  JhwIcuIdii  lomtitiuiinalin  inferior ;  K,  Hwiini  calmrina  ; 
Of(  THp),  fiwrienluK  ocdpito-fVoiitAlia  of  Furel  and  OniifruwlcE.  fonniiijE  the 
bipetiira  of  the  comn  piiterius ;  pn.  flmium  psrieto-occipitolU ;  RTh.  radiatio 
iireipito-thalamica  Oratioletl :   I'or.  lomii  poKti'rius  ventrieuli  lateralis. 
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with  the  bundle  deBcribed  by  Wernicke  ae  the  bundle  from  the 
corpus  calloBum  to  the  ini«rual  capsule  (Fig.  fi74).*  It  is  Deje- 
rine's  opinion  that  the  bundle  arises  in  the  whole  cortex  of  the 
lobuB  frontalis.     Behind,  after  passing   through   the   tapetum, 

Ncrrj 


).  ST4. — FawiciiluH  nccipilA-rruntalJH.  tieiiJA  Hpmlcirrularis  Hnd  Gwciculas  ui 
natiw.  The  cor|iUH  mllaeum  and  the  cinfculiim  have  bneii  rpmoveit  anil  the 
rorunH  radiatu  fliHK.i-l«4l  nut.  Tlie  pn<pu ration  HhowH  the  JTirtrior  wall  or  the 
Lpprr  part  of  the  latunil  ventricle  and  the  roof  of  the  eomu  postt'riuB  and 
u>mu  JnferiiiH.  Partly  Hvhcmatio.  (After  J.  Dejcrine.  A nntomie  dcs  centres 
oi'rveui.  Paris.  1805.  p.  763.  Pig.  381.)  r>,  nirpiiR  Keiiiculatum  latemle; 
Cgi.  corpus  gen  ivu  hi  turn  mwlinlo ;  am,  vomniiHHiira  anterior  uerehri ;  Pu, 
Gutriculiis  UDcinatUB  :  Gli,  nuch-iiH  halKDulie  ;  SA,  nuc^leiis  amygdaln  ;  No, 
nui'leue  anterior  thalami ;  ^r.  cnpnt  nurlei  uinitati :  SC,  I'auda  nuclei 
laudati :  fieiT],  corpiu  nuclei  c&udati ;  OF,  fiia-iculuK  otvipitu-^ntalix; 
OP  Thp).  port  of  faHCiculUB  oi-dpito-fmnloliii  fiinniiig  the  lapetiim  ;  pCR,  foot 
of  rorona  radiata;  Pul.  pulvinar;  tdi,  fimiira  chorioidea:  Tga,  rolumna 
fomicis;  Tl.  thalamus;  TAi  Ft),  partof  thulamus  prqjectinR  into  third  ven- 
tricle: lM(I(ri.  tsnia  semicircularis,  some  Hhrpn  of  which  an' Eitiiiited  ill  the 
laniimi  romea ;  llh,  taaia  tlialami ;  II,  tructuK  optii-uM. 

these  fibres  are  distributed  to  the  lateral  surface  and  inferior 
border  of  the  lobus  occipitalis.  It  is  stated  that  the  tapetum 
does  not  degenerate  after  experimental  section  of  the  corpus  cal- 
Icffium,  while  it  does  degenerate  after  lesions  of  the  cortex  of  the 
frontal  lobe  (Muratow). 

*  BalktnbUHdti  ziir  inneren  Kapsd  (Wernicke). 
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ASSOCIATION^  NEURONES  OF  THE  TELENCEPHALON  (CONTINUED). 
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ciation centres — The  so-called  silent  areas  of  the  brain — Functions  of 
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ciation centre — The  large  posterior  association  centre — Criticisms  of 
Flechsig's  work — Studies  of  von  Monakow,  Sachs,  von  KOlliker,  and 
others. 
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3.    Localisation  of  AMOciation  Keuronet  in  the  Cerobral  Cortex.     Fledmig't 

Doctrine  of  Anodation  Centree. 

The  exact  localization  of  the  association  neurones  in  the  cere- 
bral cortex  is  a  topic  attracting  an  ever-increasing  amount  of 
attention.  While  it  seems  almost  certain  that  there  are  associa- 
tion neurones  situated  in  every  portion  of  the  cortex,  there  is 
much  reason  to  believe  that  certain  areas  of  the  cortex  consist 
almost  entirely  of  such  association  neurones.  In  this  connection 
the  researches  of  Flechsig  are  worthy  of  especial  recognition.  It 
is  Flechsig's  belief  that  the  areas  of  the  cortex  in  which  projec- 
tion neurones  play  a  part  in  the  architecture  are  much  more  lim- 
ited in  extent  than  we  have  been  accustomed  to  suppose. 

Flechsig  has  traced  by  means  of  the  embryological  method 
the  various  bundles  of  the  axones  of  corticopetal  projection  neu- 
rones to  their  terminal  stations  in  the  cortex,  and  has  also  traced 
the  course  of  the  bundles  of  medullated  axones  of  corticofugal 
(motor)  projection  neurones  from  their  origin  in  the  cortex  to 
their  lower  end  stations,  a  process  rendered  comparatively  easy 
by  the  fact  that  the  various  bundles  become  medullated  at  differ- 
ent periods  of  antenatal  and  postnatal  development. 

The  best  articles  in  regard  to  the  quantitative  relations  of  the 
fibres  of  the  cortex  are  those  of  Kaes.* 


♦  Kaes,  T.    Beitrftge  zur  Kenntniss  des  Reichthums  der  Orosshirnrinde 
dcs  Menschen  an  markhaltigon  Nervenfasem.     Arch.  f.  Psychiat.,  Berl., 
Bd.  XXV  (1893),  S.  695-758.— Ueber  den  Faserreichthum  der  ii  u.  iii  Meynert'- 
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But  even  when  all  the  sense  areas  and  motor  areas  of  the 
cortex,  extensive  as  they  are,  have  become  medullated,  only  about 
one  third  of  the  surface  of  the  cerebrum  has  been  involved.  The 
individual  sense  areas  are  isolated,  not  touching  one  another 
directly.  They  are  separated  by  regions  which  have  no  direct 
connection,  at  any  rate  at  this  stage  of  development,  with  the  cen- 
tres below  or  with  the  periphery  of  the  body.  It  will  have  been 
noticed  that  the  somsesthetic  area,  that  portion  of  the  cortex  at 
which  bodily  sensory  impulses  arrive,  includes  within  it  what  has 
usually  been  described  as  the  motor  zone  of  the  cortex.  In  all 
probability  also  from  the  visual,  from  the  auditory,  and  from  the 
olfactory  sense  areas,  corticofugal,  probably  motor,  conductions 
also  go  out. 

As  far  as  Flechsig  has  been  able  to  make  out,  all  or  very 
nearly  all  of  the  projection  fibres  of  the  cerebrum  are  accounted 
for  when  the  corticofugal  and  corticopetal  paths  of  the  differ- 
ent sensory-motor  areas,  as  outlined  by  him,  are  summed  up. 
But  nearly  two  thirds  of  the  whole  of  the  cortex  yet  remains  to 
be  accounted  for.  What  is  the  significance,  then,  of  the  regions 
which  are  not  provided  with  projection  fibres?  The  studies  of 
Flechsig  have  thrown  these  portions,  which  in  large  part  corre- 
spond to  what  we  have  been  accustomed  to  call  the  ''  silent  areas  " 
of  the  cerebral  cortex,  into  bold  relief.  His  anatomical  investi- 
gations, especially  when  their  results  are  compared  with  the  find- 
ings of  pathological  anatomy  in  cases  which  have  been  carefully 
studied  clinically,  indicate  that  these  hitherto  insufficiently  ex- 
plored regions  possess  functions  of  the  greatest  importance  and 
interest* 

If  the  limits  described  for  the  different  sense  areas  be  recalled 
it  will  be  seen  that  the  regions  left  over  include  in  the  frontal  lobe 
the  anterior  portions  of  the  superior  and  middle  frontal  convolu- 
tion, portions  of  the  inferior  frontal  convolution,  and  the  gyrus 

schen  Schicht  sowie  ueber  vergleichende  Messungen  der  gesararaten  Hirn- 
rinde  und  deren  einzelner  Schiehten.  Neurol.  Centralbl.,  Leipz.,  Bd.  xii 
(1898X  S.  119-122. — Ueber  die  markhaltigen  Nervenfasern  in  der  Grosshirn- 
rinde  des  Menschen.    Ibid..  Bd.  xiii  (1894),  S.  410-412. 

•  Thomas,  speaking  in  this  connection,  says :  "  Flechsig*s  association  cen- 
tres are  what  have  been  called  the  silent  areas  of  the  brain ;  but  we  are 
forced  to  believe  that  they  are  silent,  not  because  they  do  not  speak,  but  be- 
cause we  are  too  dull  of  understanding  to  hear  what  they  say."  Cf.  Thomas, 
H.  M.,  and  Keen,  W.  W.  A  Successful  Case  of  Removal  of  a  Tjarge  Brain 
Tumor,  etc.     Am.  J.  M.  Sc.,  Phila.,  n.  s.,  vol.  cxii  (1896),  pp.  503-522. 
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rectus ;  further,  the  greater  part  of  the  island  of  Reil,  the  supe- 
rior and  inferior  parietal  lobules,  the  middle  and  inferior  tem- 
poral convolutions  exclusive  of  the  internal  temporal  pole,  the 
gyrus  fusiformia,  gyrus  lingualis,  and  the  whole  of  the  occipital 


the 


r(i.  6T5, — view  cif  lateml  siirriut  oC  riftlit  ciTcbral  hetnispbi-rr.  shoirintt  wiim 
cwitn*  anil  as«icintion  ,uiitn.a.      (AfHT  P.  KlithKlg.  (iehini  uiid  Seolf,  II. 
Aufl.,  lA^ipx..  lliaO,'Faf.  iv.  Fig.  7.)    Thi- ni»n!  rliiHlydtitti-d  aniu  nhi 
rfgiiniB  ill  whirh  lliu  majurity  of  the  gvnxiiry  pnt)ivt<i>ii  uii 
Till'  t>rftc  piirCiniiHbetwpi'n  Uic  dotted  areus  repn-Hent  tlieaxui 


lobe  not  included  in  the  visual  sense  area.  In  the  diagram  these 
relations  are  shown  very  clearly  (Figs.  675  and  670).  The  sense 
areas  arc  dotted,  the  regions  in  whicli  the  majority  of  the  sensory 
fibres  terminate  being  closely  studded  with  dots,  while  in  between 
the  different  sense  areas  the  large  undotted  regions  correspond  to 
the  portions  of  the  cortex  entirely  devoid  of  projection  fibres,  or 
at  most  provided  with  extremely  few  of  such  fibres.  At  the 
periphery  of  each  sense  area  is  a  marginal  zone  in  which  pro- 
jection fibres  are  less  thickly  distributed. 

The  white  matter  corresponding  to  all  the  cortical  regions  be- 
tween the  sense  areas,  with  the  exception,  perhaps,  of  that  beneath 
the  angular  gyrus,  becomes  medullat«d  considerably  later  than 
that  of  the  sense  centres,  so  that,  even  in  children  three  months 
old,  the  former  are  sharply  distinguishable  from  the  latter  by  their 
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porertj  in  myelin.  Flechsig  tiuds,  however,  that medullated  paths 
gradiiallf  grow  out  from  the  eeiise  centree  into  these  non-medal- 
lated  regions.  Further,  between  the  individnal  gyri  of  the  non- 
medullated  regions,  bauds  of  association  fibres  gradually  ripeu,  con- 
necting the  individual  gyri  with  others  near  them  and  also  with  gyri 
at  a  diBtance.  By  means  of  the  corpus  callosam  the  gyri  in  one 
faemiephere  are  connected  with  those  of  the  opposite  hemisphere. 
Flechaig,  on  account  of  the  marked  predominance  of  association 
Bjsteme  in  these  areas,  has  designated  them  "  association  centres 
tii  the  cerebral  cortex."  *    He  does  not,  as  did  Meynert,  believe 


^^^ 


Tio.  676.— View  of  the  niediul  sur&fe  of  tli 

II.  Anfl..  Lcipi!.,  lH9a,  Tftf.  iv.  Fig. 
■ection  of  chiHHinB  iiplic^um ;  S.  rriniiiii<wnrn  Biilcrinr  I'lTebri :  ^,  iiiUiriilUB 
■uperioT;  5.  cuipus  (ullnsitiu ;  G,  rnmii ;  7.  wptum  peUuviduni ;  :.  coniUH 
piDcale ;  H!^  tet;Du:Dtum  ;  T,  bHBJH  iH-iiunruli. 

that  the  individual  sense  centres  arc  connected  directly  with  one 
another,  but  thinks  that,  on  the  contrary,  they  are  connected 
rather  indirectly  by  means  of  the  association  centres.     The  lat- 

•  It  is  surprising  to  find  how  closely  many  of  the  views  rpccnilyciprfssed 
bj  Flechsig  accord  with  some  ol  the  doctrines  promulguted  by  the  Eugli^ 
ueurologiBt  Broad  bent. 
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ter,  receiving  conduction  fibres  from  adjacent  sense  centres  and 
from  adjacent  as  well  as  distant  association  centres,  furnish  an 
anatomical  mechanism  which  makes  possible  the  working  up  into 
higher  units  of  simple  sense  impressions  and  of  combinations  of 
simple  sense  impressions  of  the  same  quality  and  of  different 
qualities.  Thus  Flechsig  denies  the  function  ascribed  by  many 
to  the  so-called  fasciculus  longitudinalis  inferior  which  would 
make  it  a  system  associating  directly  two  sense  centres  with  one 
another.  He  thinks  that,  on  the  contrary,  it  has  an  entirely 
different  significance,  which,  however,  I  shall  not  discuss  at  this 
time. 

The  position  of  the  individual  areas  of  association  probably 
throws  some  light  upon  the  functions  which  they  subserve  (Figs. 
675  and  676).  Thus  the  large  region  which  Flechsig  designates 
as  the  posterior  large  association  centre  and  which  includes  the 
praBCuneus,  all  the  parietal  gyri  except  the  posterior  central  gyrus, 
part  of  the  gyrus  lingualis,  the  fusiform  gyrus,  and  the  middle 
and  inferior  temporal  gyri,  as  well  as  all  portions  of  the  occipital 
gyri  not  concerned  in  the  visual  sense  area,  is  situated  between  the 
visual,  the  somsesthetic,  and  the  auditory  sense  areas.  The  island 
of  Reil  is  surrounded  by  the  somgesthetic  area,  the  auditory  area, 
and  the  olfactory  area,  and  into  it  run  bauds  of  fibres  from  these 
sense  areas,  so  that  it,  Flechsig  thinks,  is  properly  designated  as 
the  middle  association  centre.  The  main  portion  of  the  frontal 
lobe,  Flechsig's  anterior  association  centre,  is  very  intimately  con- 
nected with  the  somaesthetic  area,  and  with  the  olfactory  sense 
area.* 

While  the  anatomical  evidence  which  Flechsig  has  brought 
forward  would  seem  to  be  sufficient  to  indicate  in  general  the 
essential  nature  of  the  functions  of  the  different  regions  of  the 
cortex  described,  there  has  been  already  collected  a  mass  of  clin- 
ical and  pathological  data  which,  when  reviewed  in  the  light  of 
the  newer  anatomical  knowledge,  affords  confirmatory  proof  of 
his  views.  Lesions  involving  the  sense  centres  are  followed  by  a 
train  of  symptons  of  an  entirely  different  character  from  those 
which  accompany  lesions  of  the  association  centres.  This  will 
be  clear  if  certain  familiar  examples  be  recalled.     All  the  evi- 

*  As  Flechsig  remarks,  however,  it  is  not  probable  that  its  function  is 
confined  to  the  association  of  olfactory  impressions  with  sensations  which 
tell  us  about  the  condition  of  our  bodies,  for  the  olfactory  sense  in  man  is 
relatively  little  developed,  while  the  frontal  lobe  is  developed  cul  maximum. 
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dence  goes  to  show  that  the  phenomena  of  sharp,  clean-cut  sen- 
sations as  they  appear  in  consciousness  have  their  origin  in  the 
sense  centres.  As  a  result  of  a  lesion  of  a  given  sense  centre  this 
sharpness  of  sensation  for  the  particular  sense  quality  concerned 
disappears.  If  the  visual  area  on  both  sides  of  the  brain  be  de- 
stroyed, the  patient  no  longer  sees.  He  may  occasionally  believe 
that  he  still  possesses  visual  sensation,  but  on  closer  examination 
it  will  be  found  that  the  picture  in  his  consciousness  is  a  memory- 
picture,  not  a  perception.  Patients  suffering  from  double-sided 
destruction  of  the  auditory  sense  area  are  absolutely  deaf,*  and 
it  is  to  be  imagined  that  if  both  somaesthetic  areas  were  entirely 
destroyed  the  individual  would,  if  he  continued  to  live  at  all,  be 
deprived  of  sensations  informing  him  of  the  condition  of  his 
body,  of  the  skin,  and  of  the  viscera. f  Injury  to  the  central  gyri 
on  the  left  side  about  their  middle  has  been  followed  by  loss  of 
power  to  recognize  correctly  the  form  of  a  given  object  when  the 
right  hand  alone  has  been  used  to  feel  it.  Irritation  of  the  pos- 
terior central  gyrus  may  lead  an  individual  to  believe  that  he 
experiences  movements  of  his  thumb  even  when  his  eyes  convince 
him  that  it  has  not  moved.  Tumors  pressing  upon  the  olfactory 
sense  area  have  given  rise  to  subjective  odors,  while  mental  images 
of  colored  figures  and  the  like  have  occurred  in  individuals  in 
whom  after  death  cysts  involving  the  visual  area  of  the  occipital 
lobe  have  been  found.  Irritative  lesions  of  the  auditory  sense 
area  can  give  rise  to  noises  and  to  other  sound-images.  Destruc- 
tion of  the  sense  centre  concerned  with  the  sensations  of  any 
given  sense  quality  is  associated  with  the  so-called  perceptive 
sensory  disturbances. 

The  sense  centres  are  concerned  not  only  in  the  bringing  into 
consciousness  of  the  individual  elementary  sense  impressions, 
but  the  distinction  of  the  spatial  and  temporal  relations  of  these 
impressions,  if  Flechsig  be  right,  is  also  to  be  attributed  to  the 


♦  Cf.  a  very  important  case  described  by  Priediander,  C  and  C.  Wernicke. 
Ein  Pall  von  Taubheit  infolge  doppelseitiger  Lllsion  des  Schlfifelappens. 
Fortschr.  d.  Med.,  Bd.  i  (1883). 

f  For  evidence  as  to  the  paramount  importance  of  the  soma>sthetic  area 
for  the  development  of  a  personality,  the  reader  is  referred  to  the  thorough 
studies  which  were  made  of  the  brain  of  Laura  Bridgman.  Cf.  Doimldson, 
H.  H.  Anatomical  Observations  on  the  Brain  and  Several  Sense  Organs  of 
the  Blind  Deaf-Mute,  Laura  Dewey  Bridgman.  Am.  J.  Psychol.,  vol.  iii 
(1890),  pp.  293-342. 
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activities  of  the  cortical  sense  spheres.  Thus  "  perceptive  word- 
deafness  "  has  been  shown  to  depend,  in  right-handed  individuals, 
upon  disease  of  the  left  auditory  sense  area.  When  words  are 
spoken  the  individual  hears  only  confused  noises  and  does  not 
understand  them.  Wernicke  believed  that  in  such  cases  there  is 
a  permanent  loss  of  the  memory  pictures  of  the  sounds  of  words. 
This  is  denied  by  Flechsig,  who  holds  that  here  we  have  to  deal 
rather  with  an  incapacity  of  separating  the  sounds  which  follow 
one  another  in  the  spoken  words,  of  distinguishing  tone  intervals 
correctly  between  syllables  and  words.  The  patient  does  not 
perceive  an  orderly  combination  of  sounds,  but  an  undecipher- 
able chaos  of  tones  and  noises.  If  in  such  cases  we  have  to  deal 
with  pure  lesions  of  the  auditory  sense  area  the  patients  can 
speak  spontaneously  a  large  number  of  words  correctly,  so  that 
the  ordinary  observer  might  scarcely  notice  any  disturbance  in 
his  speech,  a  fact  which  makes  it  seem  likely  that  the  memory 
pictures  of  the  sounds  of  words  have  been  retained  in  spite  of 
the  destruction  of  the  auditory  sense  area.  On  the  other  hand, 
if  the  periphery  of  the  auditory  sense  area  be  destroyed,  as  in 
Heubner's  well-known  case,  and  the  auditory  sense  area  itself 
remain  uninjured,  the  clinical  picture  is  exactly  reversed;  the 
patient  in  this  transcortical  sensory  aphasia  (in  the  sense  of 
Lichtheim  and  Wernicke)  can  speak  spontaneously  only  very  few 
words  (amnesic  aphasia),  or  there  exists  a  high  degree  of  para- 
phasia. The  patient,  however,  can  from  the  beginning  repeat 
correctly  words  which  are  spoken  before  him,  which  is  evidence 
in  favor  of  the  view  that  he  has  heard  the  words  correctly  and 
has  retained  the  capacity  for  perceiving  correctly  the  intervals 
between  syllables  and  words.  If,  in  spite  of  this,  word-deafness 
exists,  the  reason,  perhaps,  lies  in  the  fact  that  the  words  cor- 
rectly heard  do  not  call  forth  by  association  into  consciousness 
the  memory  pictures  which  belong  to  them,  and  which  help  to 
make  up  the  sense  ("  apperceptive  word-deafness  "  of  Herbart). 
Of  course,  these  forms  are  seldom  met  with  pure,  for  in  the 
majority  of  cases  the  auditory  sense  area  and  its  periphery  are 
diseased  more  or  less  together,  and  mixed  forms  are  of  no  use  for 
the  decision  of  the  question  whether  and  in  how  far  diseases  of 
the  auditory  sense  area  alone  have  disturbances  of  memory  as  a 
result. 

If  the  cortical  form  of  "  perceptive  word-deafness  "  does  not 
depend  on  the  loss  of  memory  pictures  of  the  sounds  of  words 
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it  is  highly  probable  that  it  is  a  "  sensory  atactic  "  disturbance — 
the  temporal  arrangement  of  the  auditory  sensations  is  lacking. 
If  Flechsig  be  correct  about  this,  the  essential  basis  for  spatial 
and  temporal  perceptions  is  to  be  sought  in  the  sense  spheres. 

Flechsig  thinks  that  the  tactile  disturbance,  described  by 
Wernicke,  associated  with  disease  of  the  somtesthetic  area,  is  due 
to  loss  of  the  capacity  of  uniting  properly  tactile  stimuli  to  a 
mental  image  (that  is  to  say,  the  spatial  arrangement  of  the 
single  impressions  is  no  longer  possible).  It  is  rather  an  atactic 
disturbance  of  perception  than,  as  Wernicke  thinks,  a  defect  of 
memory  capacity.  It  is  quite  analogous  to  the  perceptive  word- 
deafness  dependent  upon  lesion  of  the  auditory  sense  area.  It  is 
probable  that  the  organic  traces  of  the  more  extensive  memory 
pictures,  built  up  of  no  matter  what  sense  qualities,  are  associated 
with  the  cells  of  the  association  centres  which  lie  between  the 
sense  centres. 

Before  passing  to  the  description  of  the  functions  of  the  as- 
sociation centres,  however,  a  few  special  points  in  connection 
with  the  sense  centres  must  be  considered.  WMth  regard  to  the 
somaesthetic  area  it  has  long  been  known  that  disease  of  the 
central  convolutions  is  accompanied  frequently  with  loss  of  the 
kinaesthetic  sensations,  so  that  the  mental  images  of  position  and 
movement  for  the  extremities  and  the  region  of  the  mouth  may 
be  absent  or  defective  (Bastian).  Along  with  these  symptoms, 
especially  where  the  foci  of  disease  are  small,  the  cutaneous  sen- 
sations suffer  only  as  regards  the  tactile  sense  and  its  exact  locali- 
zation. As  a  result  of  lesion  of  the  arm  region  there  is  an  in- 
capacity to  recognize  external  objects  by  feeling  their  form.  In- 
deed, these  disturbances  of  the  stereognostic  sense  seem  to  be 
characteristic  of  cortical  lesions. 

If  the  inferior  frontal  convolution  be  diseased,  the  capacity 
for  calling  up  images  of  movements,  or  rather  the  capacity  to 
feel  the  position  of  the  organs  which  participate  in  speech,  suffers, 
so  that  sensory  system  Xo.  3,  connected  with  the  inferior  frontal 
gyrus,  is  accordingly  not  different  in  the  sensation  quality  medi- 
ated from  the  sensory  paths  of  the  central  gyri,  but  simply  in  re- 
gard to  the  region  of  the  body  whence  the  sensations  come ;  the 
newborn  infant,  for  purposes  of  self-preservation,  makes  use  far 
earlier  of  his  extremities,  his  lips  and  his  tongue,  than  of  his 
trunk  and  speech  muscles,  and  this  fact  of  experience  agrees  ex- 
tremely well   with  the  developmental   finding  that  the  sensory 
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and  motor  paths  of  the  extremities  develop  earlier  than  those  for 
the  trunk  and  the  special  organs  of  speech  (Flechsig).  Certain 
of  the  fibres  of  system  No.  2  have  apparently  to  do  with  muscle 
sense,  but  our  knowledge  is  as  yet  insufficient  concerning  this 
group.  There  is  a  good  deal  of  evidence,  too,  that  the  somaesthetic 
area  plays  an  important  part  in  the  coming  into  consciousness  of 
many  of  the  bodily  processes  accompanying  or  constituting  the 
emotions,  and  that  thence  start  out  many  of  the  movements  which 
serve  as  the  expression  of  the  emotions,  a  point  of  view  which, 
if  confirmed,  is  of  infinite  importance  for  psychiatry. 

Let  us  now  turn  to  the  subject  of  the  functional  activities  of 
the  association  centres.  We  have  seen  before  that  from  the 
anatomical  arrangement  these  areas  appear  to  exist  for  the  pur- 
pose of  uniting  the  activities  of  the  various  sense  centres.  Clini- 
cal and  pathological  evidence,  too,  is  in  favor  of  Flechsig's  view 
that  they  are  concerned  in  the  higher  manifestations  of  the  in- 
tellect, in  the  processes  of  memory,  recognition,  judgment  and 
reflection.  It  is  in  disease  of  these  areas  that  we  see,  above  all, 
disturbances  of  memory  and  of  the  associative  processes.  When 
the  posterior  large  association  centre,  for  example,  is  diseased, 
the  lesions  are  not  accompanied  with  phenomena  of  perceptive 
deafness,  of  perceptive  blindness,  or  of  perceptive  tactile  anses- 
thesia,  providing  the  adjoining  sense  centres  remain  unaffected. 
But  instead  of  these  an  entirely  different  group  of  clinical  phe- 
nomena becomes  manifest.  Here  we  meet  sometimes  with  the 
conditions  known  as  mind-blindness,  mind-deafness,  and  the  like ; 
with  apraxia  or  agnosia ;  sometimes  there  is  weakening  of  the 
power  of  visual  imagination.  There  may  be  an  incapacity  to  call 
into  consciousness  melodies  which  the  individual  formerly  knew 
well,  and  in  lesions  of  this  area  on  the  left  side  in  certain  portions, 
sensory  (optic)  alexia,  optic  aphasia  (amnesic  color-blindness), 
apperceptive  (transcortical)  word -deafness,  verbal  paraphasia,  and 
sensory  amnesic  aphasia  (incapacity  to  call  up  the  memories  of 
the  sounds  of  words  corresponding  to  the  mental  images  in  con- 
sciousness). The  memory  capacity  may  in  such  instances  be  af- 
fected apparently  in  either  or  both  of  two  ways — (1)  by  destruc- 
tion of  the  association  paths  concerned  in  setting  free  given 
mental  images,  and  (2)  by  actual,  permanent  destruction  of  the 
organic  memory  traces  in  the  nerve  cells.  It  would  appear, 
therefore,  that  the  posterior  large  association  centre  is  concerned 
in  the  formation  and  collection  of  ideas  concerning  the  external 
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world — that  is,  of  actual  knowledge  concerning  external  objects, 
of  combinations  of  sounds,  and  the  union  of  all  these  with  one 
another.  In  these  regions  are  stored  up  the  elements  of  onr 
positive  knowledge  as  well  as  the  factors  which  come  into  play 
in  the  exercise  of  the  fantasy.  It  is  here  that  preparation  is 
made  for  speech  which  shall  accord  with  the  thoughts ;  in  short, 
this  region  more  than  any  other  in  the  cerebral  cortex  appears, 
Flechsig  believes,  to  be  the  site  of  the  processes  concerned  in 
what  we  ordinarily  mean  when  we  speak  of  the  "  intellect." 

The  anterior  association  centre — that  is,  the  association 
centre  of  the  frontal  lobes — has  manifold  connections  with  the 
somaesthetic  area,  and  hence  also  with  the  motor  regions  con- 
cerned in  conduct.  So  that  here,  in  all  probability,  Flechsig 
states,  is  to  be  sought  the  anatomical  mechanism  by  means  of 
which  memory  traces  of  all  conscious  bodily  experiences,  espe- 
cially of  acts  of  the  will,  are  stored  up.  The  study  of  the  func- 
tions of  this  region  of  the  brain  is  extremely  difficult,  and  as  yet 
only  general  statements  can  be  made  regarding  them.  It  would 
appear  that  the  positive  knowledge  of  the  individual  concerning 
external  objects  does  not  necessarily  suffer  in  diseases  of  this 
portion,  at  least  at  first,  although  the  appreciation  of  the  value 
of  this  knowledge  and  its  relations  to  the  individual  himself  may 
be  diminished.  The  man  may  lose  interest  in  the  external  world 
as  well  as  in  himself  and  cease  to  participate  personally  in  what 
is  going  on  about  him.  Indeed  it  is  in  the  diseases  affecting  this 
area  and  the  neighboring  somaesthetic  area  that  most  marked 
alterations  in  the  character  of  the  individual  are  met  with.  The 
phenomena  of  attention,  of  reflection,  and  of  inhibition  are  pos- 
sibly especially  connected  with  this  frontal  association  centre. 
Wundt  has  for  some  time  believed  that  the  "active  appercep- 
tion "  is  to  be  localized  in  this  region. 

If  Flechsig  be  correct  in  his  views,  it  is  evident  that  the 
study  of  the  normal  functions  of  the  association  centres  is  of  the 
highest  importance  and  will  in  the  future  represent  pre-emi- 
nently the  task  of  psychology;  while  the  phenomena  which 
result  when  the  association  centres  are  diseased  will  afford  the 
especial  topic  of  investigation  for  psychiatry.  The  study  of 
cases  in  the  literature,  more  especially  of  general  paresis,  in 
which  careful  pathological  examinations  have  been  made  after 
death,  has  already  thrown  considerable  light  upon  the  function 
of  these  areas.     Of  course,  in  the  majority  of  cases  of  this  disease 
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the  lesions  involve  very  different  regions  of  the  cortex  at  the 
same  time.  While  in  some  instances,  however,  the  disease  has 
affected  preferably  the  association  centres  alone  without  involv- 
ing the  sense  centres,  in  a  few  cases  the  frontal  association  cen- 
tres, it  is  asserted,  have  been  the  ones  chiefly  involved,  and 
in  others  the  large  posterior  association  centres  have  been  the 
ones  mainly  affected. 

Such  material  permits  of  an  analysis  of  the  functions  of  the 
individual  areas.  Thus  where  the  frontal  lobes  on  both  sides  of 
the  brain  have  been  diseased  the  main  symptoms  recognizable 
during  life  have  been  those  referable  to  an  alteration  or  loss  of 
ideas  regarding  the  individual's  personality  and  his  relations  to 
what  is  taking  place  inside  and  outside  his  body — symptoms 
which  are  highly  suggestive  when  compared  with  the  results  of 
extirpation  of  the  frontal  lobes  in  higher  apes,  as  carried  out  by 
the  Italian  investigator  Bianchi.  The  symptoms  may  vary  much 
— probably  according  as  the  lesion  is  irritative  or  destructive  in 
its  nature.  Thus,  in  some  instances,  there  is  an  over-appreciation 
of  self.  The  patient's  egotism  is  unbounded.  All  things  are 
possible  to  him.  He  is  a  multi-millionaire,  a  genius,  or  a  high 
dignitary.  In  other  cases  he  shows  remarkable  self-depreciation 
and  lack  of  confidence  in  his  personal  capacity.  The  speech 
may  for  a  long  time  remain  unaffected ;  but  the  capacity  for 
judgment  as  to  what  is  right  and  what  is  wrong,  what  is  beau- 
tiful and  what  hateful,  is  often  involved  so  that  the  individual 
will  exhibit  in  his  conduct  characteristics  entirely  incompatible 
with  what  his  friends  knew  of  him  earlier  in  his  life.  Such  per- 
sons lack  self-command,  even  when  uninfluenced  by  violent  emo- 
tions; and  when  they  are  exposed  to  unusual  stimulation,  to 
anger,  or  to  sexual  excitement,  they  lose  all  control  of  their  con- 
duct and  are  guilty  of  outrageous  acts.  Finally,  if  the  disease 
progress  far  enough,  imbecility  appears,  and  the  individual  may 
lose  completely  his  ideas  concerning  his  personality. 

When  the  posterior  large  association  centres  have  been  mainly 
affected  the  clinical  picture  is  very  different ;  in  these  cases  it  is 
the  knowledge  of  the  external  world  rather  than  that  of  his  body 
and  of  his  personality  which  is  defective,  just  as  one  would  ex- 
pect from  what  has  been  said  above  concerning  the  phenomena 
of  sensory  aphasia  met  with  in  focal  softening  of  the  cortex  due 
to  vascular  disease.  In  these  individuals  the  ideas  regarding  the 
personality  may  be  tolerably  clear ;  they  may  have  almost  perfect 
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self-possession,  but  their  friends  notice,  and  they  may  themselves 
be  aware,  that  they  are  unable  to  recognize  objects  seen  and  felt 
or  to  associate  the  elementary  sensory  impressions  with  the  mem- 
ories of  experiences  in  their  past  lives.  Such  a  patient  will  name 
external  objects  wrongly,  misunderstand  their  use,  confuse  per- 
sons, and  be  mixed  up  in  his  ideas  of  time  and  space.  He  is 
unable  to  put  into  words  the  images  which  float  in  his  con- 
sciousness, and  suffers  on  the  whole  from  a  poverty  of  ideas. 
Yet  with  all  this  he  may  perhaps  have  a  normal  regard  for  him- 
self and  for  his  friends. 

With  combined  diseases  of  the  different  association  centres, 
and  especially  with  combinations  of  disease  of  the  sense  centres 
with  disease  of  the  association  centres,  the  possible  variations  in 
the  clinical  picture  become  almost  innumerable.  For  the  analysis 
of  these  symptoms  and  their  anatomical  localization  psychiatry 
has  been  provided  in  these  researches  of  Flechsig,  should  they 
be  confirmed,  with  a  most  important  aid. 

It  will  be  of  especial  interest  to  study  the  functional  diseases 
of  these  different  areas,  disturbances  of  a  temporary  nature  which 
can  be  ascribed  to  faulty  metabolism,  in  the  different  areas  de- 
pendent upon  various  factors  such  as  imperfect  nutrition,  certain 
intoxications,  prolonged  emotion,  excessive  mental  and  physical 
activity,  and  the  like.  The  protean  symptoms  of  neurasthenia 
and  hysteria  often  in  individual  cases  bear  a  special  stamp  which 
may  enable  us  in  the  future  to  suggest  with  some  probability  the 
portion  of  the  brain  mainly  responsible  for  their  appearance. 

Representing  as  they  do  ideas  which  fundamentally  affect  our 
general  concept  of  the  structure  and  function  of  the  brain,  these 
researches  of  Flechsig  have,  as  might  have  been  expected,  not 
passed  unchallenged.  After  his  address  at  Frankfurt  a  number 
of  leading  neurologists  and  psychiatrists  discussed  his  findings 
and  his  views.  It  may  be  interesting  to  consider  briefly  some  of 
the  objections  which  have  been  offered  to  them. 

A  number  of  investigators  are  unwilling  to  grant  that  the 
areas  of  the  cortex  to  which  projection  fibres  are  distributed  are 
as  limited  as  Flechsig  would  have  us  believe.  Thus,  von  Mona- 
kow  asserts  that  projection  fibres  go  to  nearly  all  parts  of  the 
*  cortex,  though  certainly  some  parts  of  it  receive  fewer  by  far 
than  others.  Ilitzig,  too,  grants  that  the  number  of  projection 
fibres  going  to  the  frontal  lobe  is  very  small.  Von  Monakow 
bases  his  objection  upon  the  results  of  his  studies  of  secondary 
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degenerations.  He  finds  degenerations  in  the  thalamus  after 
lesions  of  certain  of  the  regions  falling  within  the  domains  which 
Flechsig  calls  association  centres.  He  believes,  too,  that  motility 
and  sensation  are  represented  in  the  cortex  in  ways  fundament- 
ally different  from  one  another.  His  studies  have  convinced 
him  that  the  sense  areas  occupy  much  more  extensive  fields  of 
the  cerebral  surface  than  those  indicated  by  Flechsig  in  his  dia- 
grams. Thus,  the  area  for  cutaneous  and  muscular  sensations, 
von  Monakow  thinks,  extends  far  beyond  the  central  gyri,  since 
to  produce  atrophy  of  the  lemniscus* and  of  the  nucleus  funiculi 
gracilis  and  the  nucleus  funiculi  cuneati  of  the  opposite  side, 
destruction  of  the  cortex  (in  both  animals  and  man)  of  a  far 
greater  extent  than  that  which  represents  the  "  motor  zone " 
must  have  preceded.  In  answer  to  this  Flechsig  suggests  (1) 
that  a  totally  insufficient  amount  of  material  has  been  studied 
by  the  secondary  degeneration  method  to  afford  conclusive  re- 
sults ;  and  (2)  that  in  many  instances  not  sufficient  attention  has 
been  paid  to  the  exact  localization  of  the  lesions ;  that  is  to  say, 
not  enough  care  has  been  taken  to  determine  whether  it  has 
been  purely  cortical  or  whether  it  has  involved  also  the  sub- 
cortical white  matter.  He  points  out,  for  example,  that  lesions 
of  the  parietal  cortex  have  been  followed  in  a  number  of  instances 
by  degenerations  of  projection  fibres,  but  in  all  such  instances  he 
believes  the  cortical  nodule  has  affected  bundles  of  projection 
fibres  belonging  to  other  parts  of  the  cortex,  but  situated  beneath 
the  area  diseased.  The  results  of  experimental  degenerations  in 
animals  following  extirpation  of  cortical  zones  can  not  properly 
be  directly  applied  to  human  beings,  for  in  man  there  is  a  devel- 
opment of  the  association  centres  not  reached  in  the  brain  of  any 
other  animal. 

Another  objection  which  very  properly  has  been  offered  by 
Sachs  and  others  is  this :  That  after  a  certain  period  of  develop- 
ment the  medullation  has  become  so  diffuse  in  the  cerebrum  that 
it  would  be  impossible  to  deny  that  later  projection  fibres  passing 
to  the  association  centres  may  become  medullated.  It  must  be 
granted  that  Flechsig  can  claim  the  limitation  of  sense  centres, 
as  he  defines  them,  only  for  a  definite  period  of  development  It 
is  certain,  however,  that  at  this  period  the  primary  sense  centres 
are  sharply  marked  off  from  the  rest  of  the  cortex. 

Von  Kolliker's  objection  to  designating  the  association  centres 
as  intellectual  centres  is  based  upon  his  view  that  there  is  no 
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essential  difference  between  the  pyramidal  cells  of  the  various 
regions  of  the  cortex.  In  the  first  place,  however,  as  Flechsig 
points  out,  the  time  is  not  yet  ripe  for  the  building  up  of  a  psy- 
chology based  upon  the  histology  of  the  cortical  cells.  One  need 
only  refer  to  the  attempt  which  has  recently  been  made  by  Ra- 
mon y  Cajal.*  As  a  matter  of  fact,  however,  the  sense  centres 
do  differ  very  essentially,  not  only  in  the  correlation  of  the 
elements  present  in  them,  but  also  in  the  actual  shape  and 
position  of  the  individual  nerve  cells.  A  skilled  histologist 
who  has  studied  sections  from  these  regions  can  easily  distin- 
guish a  section  from  the  middle  part  of  the  gyrus  fornicatus 
from  one  taken  from  the  neighborhood  of  the  calcarine  fissure, 
from  the  middle  of  one  of  the  central  gyri,  or  from  the  angular 
gyrus. 

These  studies  of  Flechsig,  taken  together  with  the  researches 
of  Edinger,  show  that  the  anatomical  mechanisms  underlying  the 
mental  processes  in  human  beings  as  well  as  in  animals  are  or- 
ganically membered,  and  are  only  secondarily  fused  together  into 
an  organic  whole.  From  the  study  of  the  gradual  development 
of  the  individual  organs  of  the  brain,  as  shown  by  ontogenetic 
and  phylogenetic  investigations,  we  have  the  promise  of  a  clear 
and  sharply  defined  picture  of  the  various  anatomical  substrata 
which  in  definite  sequence  are  concerned  in  the  gradually  in- 
creasing complexity  of  the  organizing  intelligence.  While  it  is 
probable  that  many  of  the  theories  which  go  far  beyond  actual 
findings,  which  Flechsig  has  advanced  regarding  psychology,  will, 
with  further  knowledge,  be  entirely  given  up  or  much  modified,! 
still  every  one  who  reads  his  papers  carefully  will  be  ready  to 
grant  that  many  of  them  are  too  well  founded  to  be  overthrown. 
At  any  rate,  he  has  supplied  us  with  a  mass  of  material  and  data 
which  must  form  the  starting  point  of  a  whole  series  of  subse- 
quent investigations. 

In  deciding  as  to  the  relative  value  of  the  results  of  the  recent 
work  of  Flechsig,  all  will  probably  agree  with  His,  of  Leipzig, 
who  suggests  that  his  most  striking  achievements  have  been  (1) 
the  bringing  of  the  anatomical  proof  of  the  existence  of  primary 


♦  Ram6n  y  Caj^il.  ^'  Einipe  ny}>othesen  ueber  den  anatoinischen  me- 
ehanismus  der  Ideenbildun*;.  der  Association  und  der  Aufmerksanikeit. 
Arch.  f.  Anat.  u.  Physiol.,  Anat.  Abih.,  Leipz.  (1895).  S.  367. 

f  Cf.  Jacobi.  M.  I*.   Considerations  on  Flechsig's  "Gehirn  und  Seele."  J. 
Nerv.  and  Ment.  Dis.,  N.  Y.  (1897). 
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sensory  sense  centres  in  the  cerebral  cortex  and  of  the  connection 
of  these  centres  with  the  nervous  apparatus  situated  lower  down  ; 
and  (2)  the  determination  of  the  successive  medullation  of  the 
fibres  going  to  the  single  cortical  areas  and  the  exact  periods  of 
such  medullation. 
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The  numbers  in  ordinary  type  refer  to  pages  in  the  text  in  which  the 
subject  is  discussed :  the  numbers  in  black-face  type  refer  to  numbers  of 
figures  in  which  the  objects  are  illustrated. 


Abducent  nerve,  see  N.  abducens. 

Aberrant  bundle  (von  Bechterew),  see 
Fasciculus  ventro-lateralis  super- 
ficialis. 

Accessory  olivary  nucleus,  see  Nu- 
cleus olivaris  accessorius. 

Acoustic  cortical  path,  direct  (Held), 
839. 
tubercle,  see   Nucleus  N.  cochleae 

dorsalis. 
reflex  paths  in  formatio  reticularis, 
557. 

Acustico-facial  complex,  117. 

Acustico-lateral  component  of  cere- 
bral nerves,  922. 

Acute  cell  disease  (Nissl),  291. 

Adendritic  neurones,  73,  74,  80. 

Aetiaere  ffraueZone^  see  Cappa  cinerea. 
weise  Lctge,  see  Stratum  zonale  col- 
liculi  superioris. 

Aeuserer  Kern  (Burdach),  673. 

After-brain,  see  Myelencephalon. 

Agnosia,  1078. 

Ala  cinerea,  see  Nucleus  ala;  cinerete. 

Alteration  with  rarefaction  around 
the  nucleus  (Hoch),  293. 

Alveolar  zone,  inner  (Apathy),  56, 58. 
zone,  outer  (Apathy),  56. 

Amacrine  cells,  82,  44,  537. 

Ampharkyochrome  cell,  118, 110. 

Ampulla  membranacea  superior,  3B1. 
membranacea  lateralis,  301. 
membranacea  posterior,  301. 


Amputation,  changes  in  nervous  sys- 
tem after,  229. 
Amygdaloid    nucleus,    see    Nucleiis 

amygdalae. 
Anaxones,  82,  45. 
Angeiotorac,  196. 

Angular  gyrus,  see  Gyrus  angularis. 
Angulus  lateralis,  752. 
Anophthalmia,  congenital,  823. 
Anosmatic  animals,  749. 
Ansa  hypoglossi,  186. 
lenticularis,  685. 
peduncularis,  685. 
Anterior  central  gyrus,  motor  func- 
tions of,  995. 
cerebral  vesicle,  88. 
commissure,  axones  of  mitral  cells 

in,  758. 
commissure,  termination  in  gyrus 

hippocampus,  764. 
lateral  nucleus  of  thalamus,  677. 
medial  nucleus  of  thalamus,  b77. 
nucleus  of  thalamus,   dorsal  and 

ventral,  679. 
olfactory  lobe,  90,  749,  472. 
Antero-lateral    ascending  tract,    see 
Fasciculus  ventro-lateralis  super- 
ficialis  (Gowersi). 
Apathy's  fibrils,  54. 

Elementargitter,  60,  273. 
Apathy,  theory  of,  273. 
Apex  colnmnae  dorsalis,  387. 
Aphasia,  1076. 
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Aphasia,  optic,  1078. 

sensory  amnesic,  1078. 
Apraxia,  1078, 

Aqueductus  cerebri,  315-321. 
Arched  or  arcuate  fibres,  see  Fibne 

arcuaUe. 
Area  of  Broca,  see  Area  parolfactoria. 

parolfactoria  Brocap,  750. 
Arkyochrome  cell,  117,  121,  67. 
Arkyostichochrome  cell,  117,  121. 
Arnold's  bundle,  1044. 
Arsenic,  action  of,  on  neurones,  169, 

172. 
Ascending  cerebellar  tract,  see  Fas- 
ciculus spino-cerebcllaris. 
Association  centres  of  cerebral  cor- 
tex, 675,  676,  1073. 
centres  of  cerebral  cortex,  lesions 

of,  1078. 
fibres,  lobus  occipitalis,  668. 
neurones,  667. 
Ataxia,  sensory,  1077. 
Atrial  plexus  of  heart,  123. 
Atrophy,  indirect,  of  nerve  fibres,  18. 
Auditory  conduction  paths,  836. 
conduction  paths,  neurones  of,  565, 

566. 
conduction  paths,  nuclei  of,  839. 
ganglion,  origin  of,  186. 
nerve,  see  N.  acusticus. 
nucleus,  see  Nucleus  N.  cochleae, 
path,  cortical  tennination  of,  878. 
sense  area,  839. 

sense  area,  cells  in  cortex  of,  878, 
563. 
Avalanche  conduction,  84. 
Axis-cylinder  process,  see  Axone. 
Axodendrites.  270. 
Axone,  40,  41,  62,  79,  HO  4,  78, 103, 

142,  145. 
Axone-hillock,  structure  of,  41,  64, 

569,82,  111,  169. 
Axopetal  impulse,  267. 
Axospongium,  Ml,  82,  144. 

Baiiis  [>eduiiculi,  Plato  I,  5,  441,  442. 
BATh  of  Forel,  436,  670,  730. 
Bethels  staining  method,  137,  138. 


Bethe,  theory  of,  272,  273. 

Betz  cell.  978,  622. 

Biceps  muscle,  cells  innervating,  911. 

Bilateral  representation  in   cerebral 

cortex,  1001, 
Bindearm-Liiisenkemstrahlung^  686. 
Bipolar  cells,  formation  of,  113, 114. 
Blindness,  mind,  1078. 
Blind  spot,  see  Papilla  nervi  optici. 
Blood  supply,  effect  of  alterations  in, 

217. 
Blumenau's  nucleus,  565. 
Bodenplatfe,  100. 
Body  temperature,  effect  of  artificial 

increase  in,  1 79,  302. 
Bone  segment,  196. 
Botulinus  poisoning,  301. 
Boyce's  bundle,  972. 
Brachium    conjunctivum,    89,  811, 
312,  313,  314,  315,  318,  319, 
321,  322,  323,  324,  386,  414, 
416,  423,  632. 
conjunctivum,  cells  of,  origin  of 

fibres  of,  659. 
conjunctivum,  centripetal  and  cen- 
trifugal fibres  of,  657. 
conjunctivum,  degenerations    fol- 
lowing section  of,  653. 
conjunctivum,  dorsal,  middle,  and 

ventral  bundles  of,  424. 
conjunctivum,  fibres  from  lemnis- 
cus lateralis  to,  864,  552. 
conjunctivum,    myelinization    of, 

657,  659,  431. 
conjunctivum,  terminations  of  fi- 
bres of,  730. 
Brachium  pontis,  550. 
quadrigeminum  inferius,  843,  873, 

559. 
quadrigeminum   inferius,  termina- 
tions of  fibres  of,  876,  561,  562. 
Broca,  area  of,  see  Area  parolfacto- 
ria. 
Brush  colls,  482. 
Bulb,  sec  Medulla  oblongata. 

olfactory,  see  Bulbus  olfactorius. 
Bulbo-hypothalamic  neurones,  694. 
Dulbo-mesencephalic  neurones,  694. 
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Balbo-ponUl  neurones,  694. 
Bulbous  plexus  of  heart,  123. 
Bulbus  olfactorius,  529. 

layers  of,  755,  478,  47». 
Bundel  vom  Fuss  zur  Schleife,  688, 

446. 
Burdach's  column,  see  Fasciculus  cu- 
neatus. 
nucleus,  see  Nucleus  funiculi   cu- 
neati. 
B.  T.  c.  (von  Gudden),  see  Coiniuis- 
sura  hypothalaniica  anterior. 

Calcar  avis,  673. 

Calcarine  fissure,  see  Fissura  calca- 

rina. 
Callosomarginal   fissure,  see    Sulcus 

cinguli. 
Calyculi  gustatorii,  525,  347,  348. 
Canalis  centralis,  308,  915. 
Cappa  cinerea  of  superior  coUiculus, 

809,  810,  51». 
Capsula,  externa,  638. 

interna,   haemorrhage    into,    1014, 

641. 
interna,  motor  fibres  in,  980,  987. 
interna,  retro-lenticular  portion  of, 

838. 
interna,  structure  of.    1008,   636- 

638,  1007,  639. 
Capsule  of  red  nucleus,  see  Nucleus 

ruber. 
Caryochrome  cells.  115,  117,  122. 
Cnudate   nucleus,   see   Nucleus   cau- 

datus. 
Cell  body  of  perikaryon,  changes  in, 

after  section  of  axones,  233,  234. 
Cell  bridges  (Apathy),  60,  62. 
Cell  shrinkage,  292. 
Cells  of  Martinotti,  976. 
Cellulifugal  conduction,  by  axones, 

266. 
by  medullated  collaterals,  270. 
Celluli petal  conduction  by  dendrites, 

266. 
Central  gray   matter  of    mid-brain, 

see  Stratum  griseum  ccntrale. 
gyri,  see  Gyri  centrales. 


Central  gyri,  sensory  path  from  me- 
dulla to,  704. 
neurones  of  olfactory   conduction 

path,  748. 
optic  path,  821,  527. 
sulcus,  see  Sulcus  centralis, 
paths  of    brain   (von    Bechterew), 
456. 
Centrale  Hauhenbahn^  see  Fasciculus 
tegmenli  centralis. 
Ilohlengrau,  see  Stratum  griseum 
cent  rale. 
Centre  anterieur,  674. 
median^  674. 
moyen  (Luys),  673. 
Centre,  medullary,  of  cerebral  hemi- 
sphere, see  Centrum  semiovale. 
Centrifugal,  cerebellar  path,  965, 613. 
fibres  in    lemniscus    medialis,  de- 
scending, 1017,  644. 
Centripetal  fil^res  conducting  bodily 
impulses,  666. 
trigeminal  neurones,  central,  641. 
Centrum  ovale  of  Flechsig,  see  Tri- 
angle  median  of  Gombault  and 
Philippe, 
semiovale,  hallux  fibres  in,  1027. 
Cephalic  myotomes,  relation  of  mus- 
cles to,  919. 
Cerebellar  path,  centrifugal,  965,  618. 
Cerebello-cerebral  paths,  647,  733. 
Cerebellopetal  degeneration,  664. 
Cerebello-spinal  j^aths,  963. 
Cerebellum,  89. 

axones  entering,  648,  741. 

axones  from    nucleus   dorsalis   to, 

714. 
connection  with  cortex  cerebri,  733. 
degenerations  following  lesions  of, 

964. 
worm  (vermiform  process)  of,  see 
Vermis. 
Cerebral  hemispheres,  see  Ilemispha- 
riuni  cerebri, 
nerves,  components  of,  922. 
nerves,  control  by  pallium  of,  1022. 
nerves,  relation  to  central  nervous 
system,  917,  588. 
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Conduction  path,  sensory,  from  me- 
dulla to  central  gyri,  7()4. 

path,  soraa?sthetic,  risumi  of,  739, 
409-471. 
Conductor  sonorus,  840. 
Confusion  zone,  995,  032. 
Connecting  plexus  of  heart,  128. 
Contact  theory  of  transmission  of  im- 
pulses, 262,  263. 
Convergemcentrum^  951. 
Cornu  ammonis,  see  Hippocampus. 

anterius,  see  Ventrical  us  lateralis. 

inferius,  see  Ventriculus  lateralis. 

posterius,  see  Ventriculus  lateralis. 
Corpora  albicantia  (white  bodies),  see 
Corpus  mammillare. 

geniculata,  see  Corpus  geniculatum. 

quadrigemina,  89,  372,  536. 

quadrigemina,  relation  of  lemnis- 
cus lateralis  to,  550. 

quadrigemina,  significance  of,  in 
animal  series,  804. 

quadrigemina,  termination  of  optic 
fibres  in,  803. 
Corpus  callosum,  1053. 

callosum,  degenerations  of,  1055. 

ciliare,  see  Nucleus  dentatus. 

dentatum,  see  Nucleus  dentatus. 

geniculatum  laterale,  536,  800,  813, 
511,823,831. 

geniculatum  laterale,  degeneration 
of  cells  in,  817,  520. 

geniculatum  laterale,  nuclei  of, 
679,  796,  510. 

geniculatum  laterale,  termination 
of  optic  fibres  in,  798.  800,  510, 
512. 

geniculatum  mediale,  380.  843, 847. 

geniculatum  mediale,  degeneration 
in,  875,  559. 

geniculatum  mediale,  fibres  to  in- 
ternal capsule  from,  875,  500. 

geniculatum  mediale,  nuclei  of,  875. 

geniculatum  mediale,  termination 
of  optic  fibres  in,  804. 

Luysi,  see  Nucleus  hypothalami - 
cus. 

mammillare,  90,  380. 


Corpus    mammillare,  connection  of 
hippocampus  with,  766. 
mammillare,  nuclei  of,  768. 
parabigeminum,  569,  880. 
pineale,  90,  831. 

restiforme,     809-812,    318-821, 
377,  385,  564,  575,  891,  412, 
418,417,419,586,587. 
restiforme,  degeneration  following 

section  of,  014,  015,  967. 
striatum,  89. 
subthalamicum,  see  Nucleus  hypo- 

thalamicus. 
trapezoideum,  813,  324,  807-309, 
551, 553, 402, 415, 41 7, 612, 537, 
538,  843. 
trapezoideum,  transverse  fibres  of, 

859. 
trapezoideum,  terminals  of  axofies 
on  cells  in,  545,  540,  547,  857. 
Cortex  of  human  brain,  008. 
Corti's  membrane,  302. 
Cortical  lemniscus,  697,  699. 
Cortico-muscular   conduction    path, 

1037,  057,  058. 
Crista  ampullaris,  499. 
Crossed   pyramidal  tract,  see  Fascic- 
ulus cerebro-spinalis  lateralis. 
Crus  cerebri,  see  Pedunculus  cerebri. 
Cuneate    funiculus,    see    Fasciculus 
cuneatus. 
tubercle,  see  Tuberculum   cunea- 
tum. 
Cuneus,  524,  534,  PI.  I,  3. 
Cylinder  furrow,  100. 
Cylindrodendriten,  90. 
Cytochrome  cells,  115,  121. 
Cytodendriteii,  270. 

Darkschewitsch.  nucleus  of,  721,  724, 

402,  403. 
Deckplntte,  100. 
Deafness,  mind,  1078. 

word,  1076. 
Decussatio  brachii  conjunctivi.  310, 
322-324,  415,  420,  429. 
lemniscorum,  308,  563,  447. 
nervorum  oculomotorium,  942. 
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Etemeniargitter,  see   Apdthy's   Ele- 
mentargitfer. 

Embolus,  see  Nucleus  emboliforniis. 

Eminentia  interpeduncularis  of  isth- 
mus, 90. 

Enarkyochrome  cells,  118,  119,  08. 

Eiicephalon,  163. 

Eiid-brain,  see  Telencephalon. 

End-bulbs  of  Krause,  251,  892,  396. 

Enlargements  of  cord,  see  Intumes- 
ccntisB. 

Enteromere,  196. 

Entry  zone,  423,  424,  427. 

Epistratura,  500,  781. 

Epithalamus,  89. 

E(piivalent  picture  of  nerve  cell,  133. 

Ersatz- Theorie  of   tabes   (Edinger), 
254. 

External    capsule,  see   Capsula    ex- 
terna. 

Extirpation  of  facial  area,  (>51,  1029. 
of  hallux  centre,  640-050.  1024. 

Eye,  development  of,  118,  1  UK 
muscles,  innervation  of,  950. 

Eyes,effectsofextirpation  of.  787,504. 

Facial  area  of  cortex,  extirpation  of, 
051,  1029. 

nerve,  see  Nervus  facialis. 
Fac-ies  medialis  cerebri,  motor  locali- 
zation in,  1000,  034. 
Fasciculi  cerebro-spinales  pyraini- 
dales,  172,  313,  314,  315,  310, 
317,  374,  370,  377,  975,  981, 
1008,  1010,  025-031,  040. 

corebro-spinales  pyramidales,  med- 
u nation  of,  987. 

longitudinales     (pyramidales),   see 
Fasciculi  cerebro-spinales. 

pedunculo-raammillares,  768,  492. 

pedunculo-mammilJares,  [uvrs  basi- 
laris,  380,  772. 

petlunculo-mammil lares,  pars   teg- 
mental is,  772. 

proprii,  motor  neurones  for,  952. 
Fas(nculus  anterior  proprius  (Fleoh- 
sigi),  see  Fasciculus  ventralis  pro- 
prius. 


FascaculuB  antero-lateralis  superfi- 
cialis  (Gowersi),  see  Fasciculus 
ventro-lateralis,  etc. 

basilaris  medialis,  025-029. 

centralis  tegmenti,  401,  403,  404, 
728,  974. 

cerebellaris  lateralis  descendens, 
663. 

cerebello-spinalis,  see  Fasciculus 
spino-cerebellaris  dorso-laterali». 

cerebro-spinalis  anterior  (pyrami- 
dalis  anterior),  see  Fasciculus 
cerebro-spinalis  ventralis. 

cerebro-spinalis  lateralis  (pyraml- 
dalis  lateralis),  281,  282*,  300. 
390, 609, 984, 992, 030,  031, 1045. 

cerebro-spinalis  ventralis,  800, 
390,  933. 

cerebro-spinalis  ventralis  of  mon- 
key, 1027,  049. 

cruciatus,  785,  507. 

cuneatus  (Burdachi),  25,  280,293, 
295,  301.  302,  304.308,318- 
322,  372,  373,370,405,  443- 
457,  461,  402,  468. 

dorsalis  proprius,  559. 

dorso-lateralis  (Lissaueri),  25,  280, 
281,  390,  423-435,  468. 

gracilis  (GoUi),  8,  20,  304,  308, 
318-322,  372,  373,  370,  405, 
400. 

gracilis,  degenerations  of,  280, 
292,  293,  442-447. 

gracilis,  origin  of.  439-442  :  termi- 
nation of,  301,  302,  461.  462. 

lateralis  limitans,  608,  609.  399. 

lateralis  proprius  (Flechsig),  300, 
415,559,  611-614,  740. 

lateralis  ventralis,  740. 

longitudinalis  inferior.  1065,  072. 

longitudinalis  medialis,  309-317, 
319-324,  380,  401,  404-400, 
414-417,  420,  613-619.  627. 
637,  422,  668,  675.  718,  721. 

longitudinalis  medialis,  connection 
with  cord,  459. 

longitudinalis  medialis,  motor  neu- 
rones for,  959. 
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Funiculus  dorsalis,  origin  of,  457-461. 
lateraUs,  8,  810,  311,  403,  915. 
lateralis,  fibre  system  from  nucleus 

ruber  to,  422. 
posterior,  see  Funiculus  tlorsalis. 
ventralis,  373. 

ventro-lateralis,  fibres  from  Deiters' 
nucleus  to,  960. 
Fu888chleife  (Flechsig),  684. 

Ganglia,  sensory,  cells  of,  68,  31, 179, 
108. 
trunci  sympathici,  190,  185. 
Ganglion  cells  of  Apathy,  52,  54. 
com missu rale,  see  Nucleus  commis- 

suralis. 
geniculi,  513. 

habenula^,  see  Nucleus  habenulae. 
jugulare,  478. 
notlosum,  478. 
petrosum,  478. 
semilunare  (Gasseri),  514. 
spinale,185, 183,310,311,207,209, 

210. 
spirale,  112,  117,545. 
superius,  478. 
vestibulare  (Scarpa?),  499. 
Ganglionic  ridge,  109. 
Gasscrian    ganglion,    sec    Ganglion 

semilunare. 
Gastrocnemius  muscle,  nerve  endings 

in,  894. 
Gemmules,  76,  37,  39  ;  loss  of,  240. 
Geniculate  body,  external,  see  Corpus 
geniculatum  laterale. 
body,  internal,  see  Corpus  genicu- 
latum mediale. 
Genital  corpuscles,  256,  261,  396. 
Genu  capsular  in  tern a%  1005. 
N.  facialis,  368,  411,930. 
Gerlach*s  diffuse  network,  7,  60. 
Giant  cells  of  substantia  gclatinosa, 
643,  421. 
pyramidal  cells,  978,  621. 
Giiterschicht,  677,  438. 
Git tersehicht kerne,  679. 
Glandula  pinealis,  see  Corpus  pineale. 
pituitaria,  see  Hypophysis. 


Globus  pallid  us,  Plate  I,  3. 
Glomerulus    olfactorius,     50,     531, 
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Golgi's  cell  of  Type  I,  11,12. 
cell  of  Type  II,  12,  13. 
cells.  Type  II,  intersegmental,  952. 
cells.  Type  II,  between  upper  and 

lower  motor  neurones,  1036. 
diffuse  network,  15. 
Golgi-Mazzoni  corpuscles,  255,  390. 
Golgi's  method,  9. 

Goll's  fasciculus,  see  Fasciculus  gra- 
cilis. 
Gowcrs'  tract,  see  Fasciculus  ventro- 
lateralis  superficialis. 
Gracile  nucleus,  see  Nucleus  funiculi 

gracilis. 
Grande  lobe  limbique.  see  Gyrus  for- 

nicatus. 
Grandry's  corpuscles,  220-224. 
Granule  layer  of  Flechsig's  temporale 

Riechsphdre,  759. 
Gratiolet's  radiation,  see  Radiatiooc- 

cipito-thalamica  (Gratioleti). 
Gray  commissure  of  cord,  see  Com- 
missura  grisea  medulla?  spinalis, 
matter,  central,  see  Substantia  gri- 
sea centralis, 
substance,  see  Substantia  grisea. 
Grosshim,  see  Cerebrum. 
Ground-bundle,    antero-lateral,    see 

Fasciculus  ventralis  proprius. 
Gryochrome  cells,  117,  121. 
Gudden,  commissure  of,  see  Commis- 
sura  inferior  Guddeni. 
law  of,  18,  44. 
Gustatory  conduction   path,   central 
neurones  of,  747. 
neurones,  see  Neurones,  gustatory. 
Gyri  cerebri.  Plates  I  and  II,  638. 
occipitales   laterales,   Plate    II,    1, 

638. 
occipitales  superiores,   Plate  I,  3, 
638. 
Gyrus   ambiens    rhinencephali,   752, 

501. 

angularis,  823. 

centralis  anterior,  Plate  II,  1. 
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Inter-brain,  see  Diencephalon. 
Intercellular  bridges,  see  Cell  bridges. 
Interinsular  cells,  421. 
Intermediary  lamina  medullaris,  480. 

motor  neurones,  952. 
Internal  capsule,  see  Capsula  interna. 
Interneuronal   relations   in   cerebral 

cortex,  655,  656. 
substances,  90. 
Interolivarv  layer,  see  Stratum  inter- 

olivare  lem nisei. 
Intersegment,  196. 
Interstitial  cells  of  sensory  nucleus 

of  trigeminus,  642,  421. 
Intoxications,  changes  in  neurones  in, 

282. 
Interparietal  sulcus,  see  Sulcus  inter- 
parietal is. 
Intumescentia  cervicalis,  motor  neu- 
rones of,  885,  905,  578-582. 
lumbalis,  neurones  of,  887. 
IrritHV)ility  of  neurones,  248. 
Island  of  Reil,  see  Insula. 
Motes  olfativos,  761,  487,  488. 
Isthmus  of  brain,  see  Isthmus  rhom- 

bencephali. 
rhombencephali,  80. 
Iter  a  tertio  ad  quartum  ventrieulum, 

see  Aqueduct  us  cerebri. 

Kaiser's  nucleus  ext  rem  it  at  is  superi- 

oris,  914. 
Keimzeilen,  167. 
Kdrperfuhhphdre^  667. 
Krause's  end-bulbs,  see  End-bulbs  of 

Krause. 
Kreuzende    HinterMranykern-Oross- 

h  irnrinde  nay  stem     ( Tsc  h  e  rm  ak), 

714. 
IlirUeriitrangkern  -  (iroaahirnniid- 

Thalam  ussyatem      (Tschennak). 

714. 

liabyrinthns  mcmbranaeeus,  861. 
Lamina  basilaris(Corti's  organ),  862, 
864. 
terminalis,  00. 
Laquous,  see  Lenin isciis. 


Large-celled    nucleus    of     thalamus 

(Xissl),  677. 
Lateral  column,  see  Funiculus  later- 
alis, 
fillet,  see  Lemniscus  lateralis, 
geniculate  body,  see  Cor[>us  genicu- 

latum  laterale. 
horns,   grouping  of  cells  in,   888, 

56H. 
line,  200. 

nucleus,  see  Nucleus  lateralis, 
nucleus  of  corpus  mammillare,  768. 
nucleus  of  reticular  zone,  677. 
nucleus  of  thalamus,  anterior  and 

posterior,  680. 
pyramidal    tract,     see    Fasciculus 
cerebro-spinalis  lateralis. 
Laterales     (ibsteigenden    Kleinhirn- 

hundeL  663. 
Lautermann's  segmentation,  4. 
Leg  area  of  cortex,  998. 
Leitunyahahn^  319. 
Lemniscus  or  lacjueus,  686. 
lateralis,  814,  315,  818-822,  860, 
886,  553,  404,  405,  414,  415, 
687. 
lateralis,  divisions  of,  861. 
lateralis,    fibra»     arcuat.T    interna? 

from,  806,  558. 
lateralis,  finer  structure  of,  860. 
lateralis,  lesions  of.  861,  550. 
lateralis,  nuclei  of,  864. 
lateralis,  origin  of  axones  of,  862, 

lateralis,  relation  to  nucleus  collic- 

uli  inferioris,  868. 
lateralis,  termination  of  axones  of, 

866,  554. 
medialis,  818-817,  886,  564,  570, 

401,  404,  414,   415,  687.  689, 

448,  440. 
medial  accessory,  688,  446. 
medialis  (accessory  bundles  of  von 

Bechterew),  404. 
medialis,    descending    centrifugal 

bundle  in,  1017,648,  644. 
medialis,  direcjt  fibres   to  cerebral 

cortex  from,  699. 
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THE  NERVOUS  SYSTEM. 


Lemniscus  metlialis,  origin  of  fibres 
of,  694. 
medialis,  termination  of  fibres  of, 

694,  450,  451. 
medialis,  views  concerning  course 

of,  454,  666,  697. 
superior,  320,  321,  540. 
Ligament uni  spirale  cochlea\  362. 
Limen  insula*,  751. 
Liiisenkemschlinge  (Plechsig),  68/5. 
Lissauer's  column  or  tract,  see  Fas- 
ciculus dorso-lateralis  Lissiiueri. 
Lobulus  paracentral  is,   function  of, 
999. 
paracentralis,  lesions  of,  701,  455. 
Lobus  occipitalis,  1047. 

olfactorius,  5>0,  749,  472. 
Localization,  motor,  in  spinal  cord, 
899. 
of  function  in  cerebral  cortex,  995, 

1002. 
of  function    in  spinal   cord,  903- 
905,  909,  5H3. 
Locus  cjcruleus,  372. 
Longitudinal    bundle,    posterior   or 
dorsal,  see  Fasciculus  longitudi- 
nalis  medialis. 
Lower  face  area,  998. 
facial  nerve,  930. 

motor     neurones,    see    Neurones, 
lower  motor. 
Lumbar  enlargement  of  cord,  see  In- 

tumescentia  lumbal  is. 
Luys'   body,   see   Nucleus    hypotha- 

hunicus  (corpus  Luysii). 
Lyra,  see  Commissura  hippocampi. 

Macrosmatic  animals,  749. 

Macula   acustica   sacculi,  333,  3IU, 

5(X). 
Macula  acustica  utriculi.  3(51. 
lutea,  825,  820. 

lulea,  fibres  in  optic  nerve  from,  795. 
Malon-nitril,    effects    of,    1 7S,    301, 

302. 
Mammals,  nerve  endings  in  muscle 

fibres  of,  H94. 
Mann's  method,  129. 


Mantle,  see  Pallium. 
Marchi's  method,  45,  242,  243. 
Marginal    bundle    of    Lissauer,    see 
Fasciculus    dorso- lateral  is    Lis- 
saueri. 
cells  of    sensory   nucleus   of   tri- 
geminus, 642,  421. 
furrow,  100. 
veil,  166. 
Mastication,  development  of  muscles 

of,  919,  500. 
Medial  accessory  lemniscus,  688,  446. 
column  of  motor  cells,  ri5. 
geniculate    body,   see   Corpus  ge- 

niculatum  mediale. 
nucleus  of  corpus  mammillare,  768. 
nucleus  of  thalamus,  679,  442. 
ventral  nucleus  of  thalamus  (von 
Monakow),  681. 
Medidle    acctHaoriHche    Bundel    der 
Srhleife    (von    Bechterew),    see 
Medial  accessory  lemniscus. 
Medulla  o!)longata,  30H-312,  31H- 
324. 
oblongata,  lamellation  of,  177. 
oblongata,   pyramidal  tract  fibres 

in,  981. 
sensory  conduction  path  to  central 

gyri,  704. 
spinalis.  204. 

spinalis,  commissura,  3H7. 
spinalis,  commissura  dorsalis,  305, 

390,  474. 
spinalis,  commissura  grisea,  387. 
spinalis,  cornu  dorsale,  387. 
s[)inalis,  cornu  ventrale,  387,  390, 

473.  608. 
spinalis,   cornu   ventrale,   relation 
to  fasciculus  longitudinalis  me- 
dialis, 617. 
spinalis,  nucleus  of  posterior  horn 

of  Waldeyer,  473. 
substantia  grisea  of,  473. 
Medullary  groove,  88. 

plate,  165,  S)3. 
Medullated  nerve  fibres,  4. 
Medullation   of  fibres,  secjuence  of, 
986. 
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Meis8ner*s   tactile    corpuscles,  289, 
240,  241,  245. 

Mercury,  effects  of,  287. 
Mesencephalon,  159,  H»,  31tt-824. 
horizontal  section  through,  427. 
lower  motor  neurones  of,  915. 
motor  neurones  in,  969. 
Mesial  fillet,  see  Lemniscus  raedialis. 
Metabolism  of  neurones,  217. 
Metameres,  195. 
Metathalamus,  89. 
Metazonal   nerve   trunks,  209,  135, 

188,  189. 
Metencephalon,   159,   89,   812-816, 
818-324. 
pyramidal  fibres  in,  89,  981,  990. 
Meyuert,  bundle   of,  see  Fasciculus 
retroflexus  Meyncrti. 
commissure  of,    see    Commissura 
suf>erior  Meynerti. 
Meynert's    fonfaineariige    Jlauben- 

kreuzung.  772,  492. 
Mierosmatic  animals,  749. 
Midbrain,  see  Mesencephalon. 
Middle     cerebellar      peduncle,    see 
Brachium  pontis. 
cerebral  vesicle,  88. 
decussation  of  tegmentum,  772. 
horn  of  lateral  ventricle,  see  Ven- 
triculus  lateralis,  cornu  inferius. 
lemniscus,  see  Lemniscus  medialis. 
or  soft  commissure,  see  Massa  inter- 
media. 
Mittelzellensdulen,  888. 
Miftiere  wetAse   Luge,   see  Stratum 

album  medium. 
Mitral  cells,  582,  757,  481. 
Monostratified   cells  of    the    retina, 

503,  783. 
Motor  area  of  cortex.  976,  996. 
axone,  ending  in  muscle  fibre  of, 

898,  578. 
cells,  medial  and  lateral   columns 

of,  915. 
cerebral   nerves,   control    by    pal- 
lium of,  1022. 
cortex,  degeneration  following  ex- 
tirpation of  areas  in,  (J4(M>54. 


Motor  cortex,  extirpation  of  areas  of, 
1022,  645. 

fibres  from  the  cortex,  termination 
of,  981. 

function  in  cerebral  cortex,  locali- 
zation of,  995,  682-685,  1002. 

localization  in  spinal  cord,  899, 
588. 

nerve  spindle,  58,  60. 

neurones,  lower,  888,  577. 

neurones  of  cervical  enlargement, 

8a5. 

neurones  of  the  cord,  commissural 

group  of,  885,  567. 
neurones,  grouping  of,  884. 
neurones  of  rhombencephalon,  915. 
neurones  of  thoracic,  lumbar,  and 

sacral  cords,  887. 
neurones,   relation    of  upper  and 

lower  (von  Monakow),  1086. 
neurones,  upper  and  intermediate, 

952. 
nuclei  of  lumbar  enlargement,  586. 
telodendrion  of  the  frog,  575. 
telodendrion  of  laoerta,  574. 
telodendrion  of  the  rabbit,  576. 
telodendrion,    relation    to    neuri- 
lemma, 896. 
Movements,    bilaterally    innervated 

muscles,  1040. 
MQller's  fibres,  856,  537. 
Multipolar  ganglion  cell,  4,  69,  82, 

84. 
Muscles  of  the  eye,  innervation  of, 

950. 
Muscle-segment,  see  Myotome. 
Myelencephalon,  159,  89,  872. 
Myelin  sheath.  41,  86. 
Myelinization  of  brachium  conjunc- 

tivum,  657-659,  481. 
Myocommata,  198. 
Myoseptum,  198. 
Myotome,  195,  126,  199,  200. 
Myotomes,  prootic  and  postotic,  919, 
relation  of  muscles  to  cephalic,  919. 

X.  abducens,  932, 818, 820-824. 840, 
415. 
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N.  alxluceiia  accessnrius,    186,  S07, 

822,  82»,  S40,  S74,  937,  S»5. 

928. 
acustiuus,   sre  X.  cochleiF  and  N. 

vealihuli. 
auricularis  magiiiis.  1K6. 
axillaris,  ISft,  1K9. 
CTclilea',  807.811.812,  861. 8«H- 

870.546.418,4111. 
cutuneus  antibrncliii  lateralis,  1K9, 
ciitaneiia aitCibrophii  mudialis.  IKS. 
cutanfiis  bracliii  dorsalis,  IND. 
IS  lirachii  miiiialis,  IKO. 

cutaiii'iis  Irmori^  lateralis,  190. 

culanciis  fetniiris  )iosterior.  1S7. 
I»0. 

dorsali'!  M'apiik',  IHH. 

farinlU,  SO.,  812,  31»-824.  840. 
861.  8«8,  411,  417,930. 

fcmomlis,  ISi. 

glcffisopharjngciis,  807,  800-311, 
820,821,  32K,  82»,  840.877. 
477. 

glossopharyngous,  lower  mot  or 
neunnLi's  ot,  1123. 

gluln'Lis  inferior.  1H7. 

gliitiiius  superior,  1H7. 

hyp<«loxsus,  102,  IKIi,  S0»,3SI- 
824.  840,S76,  877. 

liyiHiglowus,  in  the  embryo.  i>38. 

ilioliypogaslrieu?,  IS7.  ISfl. 

ilioiiigiiiriali^,  187,  1»0. 

i  11  Ip  nil  Fit  ins,  514. 

lu[iilioiii{riiiMalis.  1H|.  IIH). 

incdiaiiiis.  I8tt,  1K». 

.ibtiirat<.riiis,  1H7.  IIW. 
(■outoinuloriiis.     817,     828,    824, 

340,  tl41.  949. 
(ijiticus,  7;i:i.  7M,  isr,.  507. 

opriciis,  pi.Hrsc  and  fine  (ibn^s  ot. 


1.  IK' 


|K>roni>^iis 

npiTlieialis.  100. 

I.hreni<n8. 

ISU. 

plant  «ris  1 

tcnilis.  190. 

pla...«ris, 

vdialis,  11)0. 

K.  abducens  pudendus.  1H7. 
radialis,  186, 
saphenu9,  190. 

sperm  aliens  ox  tern  us,  IS7,  190. 
siibcUvius.  IKK. 
suprftscapularis,  IK6. 
i.uralig.  190. 
tboraciibrachialis,  1S6. 
libialis,  414. 
trigeminus.  522.   307,   818-319, 

8Sl-«24,840,8S«,514..V2:i,5ai, 

414,  93:t. 
trigfiTiiiius,  sensory  paths  of,  664. 
tmchlcaris.   815-820,   840,   8K6. 

«0I.  9;i8. 
nlnari^  IKK,  IKfl. 
vayiia.   102.  807,  309-811,  820, 

321,  32K.  329.  380.  340.  47T. 
vagus. fibit's  from  t.heterminal tiu- 

elei  (>r,  728.  4»4.  4f(.>. 

i)3«. 

v.-siibiili,  807. 310-812. 81K-8S0. 
324.  340.  8(11.  8ltK.  370.  416, 
4IK.  410.  4!I0,  TiOO.  503. 510. Sll. 

vest i bull,  raiiix  dcsvendciis,  4V7. 
Nalesi,  see  CollivuUis  su[iprii)r. 
Nerve,   auditory,    sec 
and  N.  cdchleiB. 

eighth,  SCO  N.  a«)usticiis. 

eleventh,  see  N.  aceessurius. 

fifth,  see  N'.  Irigominus, 

first.  w'eNn.olfrn-loriL 

fourth,  si'e  S.  troclilearis. 

ninth,  si-f  X.  glcissopbaryllgell 

sei-ond.  see  N.  opticus. 

seventh,  see  N.  taeialis. 

sixth,  see  N.  abducens. 

spiiinl  aeeesKory,  sci'  f 

telilh.  see  N.  vagus. 

third,  see  X.<H,'ulc,niotorins. 

iwdfth.  see  N.  hy|H>glo-siis. 
'■  Nerve-cell  "  of  A|«i(hy.  52. 
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Nerve- roots,  posterior,  see  Radix  dor- 
salis. 
spinal,  see  Nn.  spinales. 
Nerves,  sensory,  see  Neurones,  periph- 
eral centripetal, 
sensory,  cutaneous  distribution  of, 
188^  204,  830-349. 
Nervus    trigeminus  (portio    minor), 
422. 
trigeminus,  radix  descendens  (mes- 

encephalica),  422,  6(>0,  935. 
trigeminus,  sensory  terminal  nuclei 
of,  641. 
Neural  tube,  section  through,  94,  05, 
96. 
segment,  195. 
Neurilemftia,  41,  86. 
Neuroblasts,  16,  44,  169. 

wandering  of,  172. 
Neurofibrils  of  Apathy,  52,  .■>4,  145. 
Neuroglia,  proliferation  in  secondary 
degeneration  of  white  fibres,  228. 
Neuromere,  195. 
Neurone,  39,  41. 

ampharkyochrome,  118,  119. 
apyknomorphous,  123,  OS,  (59,  71. 
arehiplasmic  railiation,  148. 
arkyochrome.  67,  117,  121. 
attraction  sphere,  148,  84. 
auditory,  first  order,  836,  839. 
auditory,  second  order,  839. 
auditory,  third  order,  839. 
axone  hillo<.k.  111,  «4,  82. 
axone,  structure  of,  142,  145. 
axospongium,  144,  81,  82. 
bulbo-hy[)othalamic,  694. 
bullKj-mesencephalic,  694. 
bulbo-pontal,  694. 
cary(K;hrome,  115.  117,  122. 
centrosome,  148-150,  84. 
changes   produced    by  arsenic  in. 

109,172. 
changes   produced  by  fatigue   in, 

276,277,  1(54,  1(5(5. 
changes    produced    by    injury   to 

dendrites  of,  239. 
changes   produced    by  ligature  of 
abdominal  aorta  in.  173. 


Neurone,  changes  produced  by  mer- 
cury in,  287. 

changes  produced   by  phosphorus 
in,  283,  170. 

changes  produced  by  poisons  in, 
282-288,  295. 

changes  produced  by  section  of  ax- 
one in  (Nissl),  233,  234. 

changes  pnxluced  by  section  of  ax- 
one and  of  dorsal  root  in,  177. 

changes  produced  by  strychnine  in, 
285. 

changes  produced  by  veratrin  in, 
283,171. 

chromophile,  115,  123,  78. 

chromphilic  corpuscles,  110. 

chromophobic,  123. 

conception  of.  40. 

cytochrome,  115,  121. 

cytoplasm,  147. 

cytoreticulum,  142. 

cytospongium,  147,  82. 

dendrites  of,  see  under  Dendrites. 

elementary  spherules  (Arndt). 
104. 

eimrchyochrome,  118,  119.  (58. 

cndoplasm,  155. 

exoplasm,  155. 

fibrillar  theory  of  Schultze,  102. 

fibrils  of,  112,  136,  139,  (52. 

ground  substance  of  (unstainable 
substance  of  Nissl),  nature  of, 
135-153. 

ground  substance,  fibrils  of,  102, 
136,  140. 

ground  substance,  honeycomb 
stnicture,  138.  141,  147,  156. 

ground  substance,  network,  139, 
140,  78. 

gustatory,  525. 

hecateromeric,  171. 

heteromeric.  171,  101. 

hyaloplasm,  147. 

hypothalamic,  694. 

investment  of,  150-153. 

internal  morphology  of.  101.  157. 

mesencephalic,  694. 

parapyknomorphous,  123,  (57. 
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Kissl   bodies    (stainable    substance), 

105-134,  see  also  Tigroid. 
Nissl's  classification  of  cells,  115-126. 

method,  45,  106,  242,  243. 
Nn.  cluniura  medii,  187,  190. 
oculomotorii,  decussation  of,  945, 

605. 
olfactorii,  754. 
spinales,  description  of,  185,  322- 

325. 
spinales,  ganglia  of,  806. 
spinales,  radix  dorsalis,  281,  306. 
spinales,  railix  dorsalis,  ascending 

limb  of  bifurcation,  304,  468. 
spinales,  radix  dorsalis,  collaterals. 

805.  470-475. 
spinales,  radix  dorsalis,  collaterals, 

classification  of,  473-475. 
spinales,  radix  dorsalis,  descending 

limb  of  bifurcation,  804.  468. 
spinales,  radix  dorsalis,  fibres  of, 

294,808,447,465-466. 
spinales,  radix  ventral  is,  806. 
spinale.s,  rami  of,  185. 
subscapu  lares,  186. 
supraclaviculares,  180. 
Node  of  Ranvier,  82,  41. 
Noyau  ma^ticaieur,  see  Nucleus  mo- 
tori  us  princeps  N.  trigemini. 
semiluftaire  de  Flechsig,  674. 
Nuclei  arciformes,  see  Nuclei  arcuati. 
arcuati,  876.  565,  809,  674. 
corporis    mammillaris,   769,   490, 

491. 
funiculi  lateralis,  882,  402. 
intennedio-laterales.  913, 585, 586. 
mediates,  913,  585,  586. 
motorii    N.   trigemini,   818,   933, 

597,  598. 
of  thalamus,  Nissl's  study  of,  676, 

679. 
motorii  minoresN.  trigemini,  818, 

93:3,  597,  598. 
N.  acustici,  see  Nuclei  N.  cochleje 

and  Nuclei  N.  veslihuli. 
N.  cochlea?,  810,  811,  812,  818, 

828,  867,  872,  547,  549,  407, 

410,  411,  415,  418. 


Nuclei  of  central  acoustic  path,  555. 

of  cervical  enlargement,  914,  585. 

of  lumbar  enlargement,  586. 

of  the  reticular  zone,  677,  679. 

pontis,  886. 

terminales  nervi   trigemini,   fibne 
arcuatae  interna*  from,  422. 
Nucleus  alffi  cinerea>,  809,  818,  872, 
877,479,  407,621-624. 

ambiguus,  829,  407.  929. 

amygdala?,  467. 

amygdaliformis,  see  Nucleus  amyg- 
dala'. 

anterior  thalami,  673,  448. 

caudatus,  686,  688. 

centralis  inferior,  577,  822,  408, 
405,  614. 

centralis  medius,  577,  962,972. 

centralis  superior,  815,  821,  822, 
886,  579,  404,  405,  414,  420, 
614. 

cerebello-acusticus.  505,  511,  632. 

colliculi  inferioris,  815,  886,  579, 
868,  589. 

colliculi  inferioris,  relation  to  lat- 
eral lemniscus,  868. 

commissural  posterioris,  see  Nu- 
cleus fasciculi  longitudinalis 
medialis. 

commissuralis,  808,  829,  487,  409, 
410,  625,  626. 

corporis  geniculati  lateralis,  814. 

corporis  trapezoidei,  869,  545- 
547,  854,  857. 

dentatus.  810,  868,  505,  892,  428, 
424,  428. 

dentatus,  connection  with  cortex 
of  vermis,  424,  425. 

dorsalis  (Stillingi,  Clarkii),  8,  474, 
559.  576,  581-58:3,  887. 

dorsalis,  axones  from.  740. 

emboliformis,  428,  424. 

fasciculi  longitudinalis  medialis, 
817.  886,  401,415. 

fastigii.  511,  568,  575,  418,  428, 
424,  852. 

fustijrii,  relation  to  Deiters'  nu- 
cleus, 636. 
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Nucleus  olivaris  inferior,  176,  809- 

312,  829,  876,  577,  610. 
olivaris  superior,  818.  882,  886, 

843,  851,  544. 
olivaris  superior,  fibre  system  to 

nucleus  N.  abducent  is  from,  422. 
olivaris  superior,  jied uncle  of,  852, 

548. 
jMxsterior  thalami,  440. 
praM)livaris,  843,  548,  857. 
radicis  descendentis  N.  trigemini, 

see  Nuclei   motorii    minores  N. 

trigemiuL 
respiratory,  of  Misslawsky,  see  Nu- 
cleus funiculi  ventralis. 
reticularis  tegmenti,  822, 88«,  570, 

401,  405,  420,  614. 
ruber,  817,  824,  670. 
ruber,  crossing  descending  spinal 

systeju  from,  972. 
semilunaris,  857,  858,  549,  843. 
tractus   soliUrii,   810,   819,   479, 

486,  624-626. 
tractus  spinalis  N.  trigemini,  80H, 

809.  818,  820-822,  848.  840, 

878,  875,  517,  641. 
ventralis  thalami,  448. 
Y,  811,818,  507. 
Nuel's  space,  804. 
Nutrition  theory  (Golgi),  258. 

Ohere  Schleife,  688,  692. 
Oberer  Kern,  (Burdach).  674. 
Oculomotorinskern   of    Darksche- 
witsch,    see     Nucleus    fasciculi 
longitudinalis  medialis. 
Obex.  872. 

Occipital  cortex,  fibres  from  superior 
coUiculus  to,  819. 
cortex,  lesions  in,  817. 
Oculomotor  nerve,  see  Nn.  oculomo- 

torii. 
Olfactory  apparatus  of  the  carp,  500. 
bulb,  see  Bulbus  olfactorius. 
conduction  path,  central  neurones 

of.  748. 
glomeruli,   see   Glonionilus   olfac- 
torius. 


Olfactory  granules.  756,  485. 

islands,  761,  487,  488. 

lobe,  see  Lobus  olfactorius. 

nerves,  see  N.  olfactorii. 

organon.  see  Organon  olfactorium. 

tract,  see  Tractus  olfactorius. 
Olivary  fasciculus,  954,  009. 
Olive,  inferior,  see  Nucleus  olivaris 
inferior. 

superior,  see  Nucleus  olivaris  su- 
perior. 
Olivensfrmig,  955,  609. 
Operculum,  564. 
Of>hthalmic  vesicle,  118. 
Optic    chiasma,    see    Chiasma  opti- 
cum. 

nerve,  see  N.  opticus. 

neurones  of  higher  orders,  782. 

paths,  see  Visual  conduction  paths. 

radiation,   see    Hadiatio    occipito- 
thahimica  (Gratioleti). 

thalamus,  see  Thalamus. 

tract,  see  Tractus  opticus. 
Organon  olfactorium,  188,  157. 

s{)irale  (Corti),  864. 
Orang-outang,  motor  localization  in 

cerebral  cortex  of,  1000,  685. 
Osmatic  animals,  749. 

Pacinian  corpuscles,  228,  245,  253, 

354,  393,  394,  396. 
Pain  points.  253. 
Pallium,  H9. 
extirpation  of  motor  areas  in,  1022, 
645. 
Papilla  nervi  optici,  784. 
Papillae  vallata%  526. 
Paracentral  lobule,  see  Lobulus  para- 
central is. 
Paraphasia,  1078. 

i*arapyknomorphous  cells,  123,  67. 
Paraxone,  270. 
ParaxoneiK  90. 

Pars  basilaris   fasciculi   pedunculo- 
mammillaris.  772. 
basilaris  pontis,  815. 
mnmmillaris  hyjM)thalami,  89. 
optica  hypothalami,  89. 
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Punktsuhstanz  of  Leydig,  273. 
Pupil,  reflex  contraction  of,  830. 
Purkinje,  corpuscles  or  cells  of,  1, 12, 

69,  72,  75,  88. 
Pyknomorphous  cells,  123,  70. 
Pyramidal     bundles,    see     Fasciculi 

cerebro-spinales. 
cells,  12,  68,  69,   75,  33,  37,  976, 

620. 
tract,  see  Fasciculi  cerebro-spinales. 
Pyramids,  anterior,  see  Pyraniis  (me- 

dullip  oblongata^), 
decussation  of,  see  Decussatio  py- 

ramidum. 
Pyramis  (medulla^  oblongata?),  308- 

312,  368,  375,  990. 

Quadriceps   fcraoris  muscle,  nucleus 

of,  905,  583. 
Quadrigcminal    bodies,   see  Corpora 

quadrigemina. 

Radiatio  corporis  callosi,  1054. 
occipito-thalamica  (Gratioleti),  814, 

822,  823,  522,  523. 
occipito-t  halam  ica  (G  ratioieti),  end- 
ing of  fibres  of,  822,  823,  528. 
Radices   nervorum   cerebralium,  see 

corresponding  nerves. 
Radix  descendens    (mcsenccphalica) 
N.    trigemini,    see    X.    trigemi- 
nus, 
dorsalis,  559,  104-200,  333,  341. 
dorsalis,  development  of,  181. 
posterior,  see  Radix  dorsalis. 
ventralis,  885. 
Randschleier  of   His,   see   Marginal 

veil. 
Randzellen  of  sensory  nucleus  of  tri- 
geminus, 642. 
Rnuienhim,  see  lihombencephalon. 
Reaction  at  a  distance,  297. 
Recessus  geniclili,  90. 
infundibuli,  00. 
mammillaris,  90. 
utriculi,  361. 
Rectus  abdominis,  nerve  endings  in, 
894. 


Red  nucleus,  see  Nucleus  ruber. 
Regeneration  of  nerve  fibres,  245. 
Regio  subthalamica,  see  Hypothala- 
mus, 
subthalamica,  layers  of,  671. 
Reil,  island  of,  see  Insula. 
Restiform    body,    see    Corpus   resti- 

forme. 
Reticular    formation,   see    Formatio 
reticularis, 
zone,  nuclei  of,  677. 
Retina,357,  358,  360. 
Retinaantheil  of  corpus  geniculatum 

laterale,  798. 
Retina,  biix)lar  cells  of,  543. 
comparison    with   other  sense  or- 
gans, 541. 
ganglion  cells  of,  783. 
layers  of,  533,  784,  529. 
origin  of,  187. 
rods  and  cones  of,  535. 
Retraction  theorv,  100. 
Rhincncephalon,  748. 

divisions  of,  751,  754. 
Rhombencephalon,  lower  motor  neu- 
rones of,  915. 
Ricin  poisoning,  297,  153. 
Riesenpyramidenzellen    (Betz),    978, 

622. 
Rolando,  fissure  of,  see  Sulcus  cen- 
tralis Rolando, 
substantia  gelatinosa  of,  see  Nu- 
cleus tractus  spinalis  nervi  tri- 
gemini. 
Roller's  nucleus,  926. 
Roof,  ganglion  of,  see  Nucleus  fas- 

tigii. 
Roots  of    spinal    nerves,  see   Radix 
ventralis,  liadix  dorsalis. 
of  spinal  nerves,  groups  of  fibres  in, 
901. 
Rostrum  corporis  callosi,  1053. 
Ruhan  de  Reil,  see  Lemniscus. 
corticah  see  Cortical  lemniscus. 
inferieur,  svo  Lemniscus  lateralis. 
supf'n'eur,  080,  692. 
Ruffini,  nerve  endings  of,  246,  247, 
249,  250. 
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Stratum  album  medium,  809. 
album  profuiidum,  809. 
calcarinum,  1059. 
glomerulosum  of    olfactory   bulb, 

755,  478. 
griseum  centrale,  815-817,  819- 

824,  886,  579,  809,  831. 
griseum  colliculi   superioris,   809, 

868,  555-558. 
griseum  of  olfactory  bulb,  755, 478. 
griseum  profuiidum,  809,  518. 
interolivare     lemnisci,    809-812, 

821-824,   879,  56ii,  565.  402, 

416,  422. 
moleculare   seu   gelatinosuni,  755, 

478. 
proprium  cunei,  1061. 
sagittate  externum,  see  Fasciculus 

longitudinalis  inferior. 
sagittate  <w/ent?/w(iSachs),815,520. 
zonale  colliculi  superioris,  808, 809. 
Stria  meduUaris,  774. 

medullaris  thalami,  relation  to  hip- 
pocampus and  basal  ganglia,  774, 

497. 
olfactoria  lateralis,  756,  759. 
olfactoria  medial  is,  756. 
Striae  acustica\  see  Striae  meduUares. 
meduUares    (seu    acusticic),    869, 

872,  586,  549,  553,  840. 
Stripe  of  Vicq  d'Azyr,  638. 
Strychnine,  effects  of,  285. 
Subconscious  impulses,  250. 
Substantia  alba  of  cord,  stimulation 

of.  640. 
gelatinosa,806, 890.  408, 41 7, 419, 

470.  641. 
gelatinosa  centralis,  878. 
gelatinosa  (Rolandi),   see  Nucleus 

tractus  spinalis  ncrvi  trigemini. 
grisea,405,414,  419,  478. 
nigra,816,  817,  886,  579. 
nigra,  termination  of  thumb  fibres 

in,  1028. 
perforata  anterior,  590. 
Subthalamic   tegmental    region,   see 

Tegmentum  and  Hypothalamus. 
Sulci  temporales  transversi,  688. 


Sulcus  centralis  (Rolandi),  683. 
cinguli,  92. 

cinguli,  pars  marginalis,  92. 
cinguli,  pars  subfrontalis,  92. 
frontalis  inferior,  688. 
frontalis  superior,  638. 
hypothalamicus  (Monroi),  90. 
parolfactorius  posterior,  750. 
pni'centralis,  638. 
rhinencephali    inferior,   752,  476, 

477. 
semilunaris,  752. 
spiralis,  862. 
subparietalis,  92. 
temporalis  superior,  688. 
Superficial  arched   fibres,  see  Fibiie 

arcuata*  externa*, 
optic  path,  821. 
Superior    collicuhis,    see    Colliculus 

superior, 
lemniscus,  688,  602. 
medullary  velum,  see  Velum  med- 

ullare  an  tori  us. 
olive,  see  Nucleus  olivaris  superior, 
olivary  complex,  843. 
Supramarginal     gyrus,     see     Gyrus 

supramarginalis. 
Sylvian    aqueduct,    see   Aqueductus 

cerebri, 
fissure,  see  Fissura  cerebri  lateralis, 
fossa,  sec  Fossa  cerebri  lateralis. 
Sympathetic  ganglia,  190. 
Sympathicus,  880. 
Synapsis.  86. 
Sy sterna   temniscate    fnyelencephalo- 

dienceph alien m ,  70 1 . 
le  m  n  iscale  myetencepti  a  to- pallia  le^ 

714. 
myelencephalo-c^rebellare     emcia- 

tum,  741. 
myelencephalo-cerehellare  non-cru- 

datum.  741. 
{neuron  icum)     diencephalo-pallia' 

turn,  701. 
{neuron icutn)  myelencephalo-palli- 

ale.  701. 
{7ieuron  icujn)     myelencephalo-tho' 

la?nirujn,  714. 
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Trapezoidal  body,  see  Corpus  trape- 

zoideum. 
Triangular  path  of  Ilelwog.  954. 
Triangle    median  of    Qombault    et 

Philippe,  452-457. 
Triceps  muscle,  nerve  endings  in,  894. 
Trij^minal  nerve,  see  N.  trigeminus. 
neurones,  central  centripetal,  641. 
Trigeminus,  fibres  to  forinatiu  retic-  ' 

ularis  from  terminal  nucleus  of,  ' 

728,  464,  46o. 
Tri^onum  lemnisci,  686,  847. 
Trochlear  nerve,  see  N.  tnK'hlearis. 
Trophic  centres,  226. 
Trophicity,  theories  of,  a()6-:Ml. 
Truncus  corporis  callosi,  1053. 
Trtink  area  of  motor  cortex,  999, 663. 
Tuber  cinereum,  90. 
TuJ>ercle,  acoustic,  see  Nucleus  N. 

cochlear  dorsalis. 
cuneate,$ee  Tuberculum  cuneutum. 
of    optic    thalamus,   anterior,   sec 

Nucleus  anterior  thalami. 
of  optic  thalamus,   posterior,   see 

Pulvinar. 
Tubercules  quadrijumeaux,  see  Cor- 
pora quadrigemina. 
Tuberculum  cuneatum,  500. 

laterale  s.  acusticum,  see  Nucleus 

N.  cochleap  dorsalis. 
Tunnel  cord,  364. 

space,  364. 
Torek,    column    of,   see   Fasciculus 

cerebrospinalis  ventral  is. 
Tftrck's  degeneration,  225. 

Uncinate  fasciculus,  see  Kas(riculus 
uncinatus. 
^yrus,  see  Unciuj. 
Uncus,  Plate  I,  4. 

connection  of  hipi)ocampus  with. 

489. 
termination  of  fibers  of  striaolfac- 
toria  in,  759. 
Unipolar  cells,  36,  113,  114. 
Upper  face  centre,  997. 
facial  nerve,  930. 
motor  neurones,  952. 


Upper   motor  neuronCvS,   relation  to 
lower  motor  neurones,  1036. 
motor  neurones,  lesion  of,  1039. 
Vntertichhife,  see  Lemnis<nis  lateralis. 
Ursegmente,  195. 
Urwirbelkfrn,  197. 
Ctriculus,  361. 

Vagal  nucleus,  see  Nucleus  ala*  cin- 

erea*. 
Vagus  nerve,  see  N.  vagus. 
Vallate  papilhe,  see  Papilla'  vallate. 
Valve  of  Vieussens,  see  Velum  medul- 

lare  anterius. 
Vascular  si^gmcnt,  196. 
Vater,   corpuscles  of,  see    Pacinian 

corpuwles. 
Velum  miMlullare  anterius,  372. 
nu'duUaiy,    supi*rior.    see    Velum 
medullare  anterius. 
Ventral    horn,  see  Ctilumna    grisea 
ventral  is. 
horn   cells  of  cervical   cord,  905, 

57H-O.S2. 
nucleus  of  lateral  geniculate  body, 

679. 
nucleus  of  the  sixth  nerve.  932. 
nuclei  of  thalamus,  678,  680.  681. 
tegmental  decussation,  s<»e  Decus- 
Siitio  tegnienti  ventralis. 
Ventricle,    fourth,     see    Ventriculus 

quart  us. 
Ventricles,   lateral,   see   Ventriculus 
lateralis, 
of  brain,  see  Ventriculus  lateralis 
et  <iuartus. 
Ventriculus  latemlis,  651,  653. 

quartus,  309.  31H,  372. 
Ventro-lateral  cell-group  of  anterior 
horn,  see  Neurones,  lower  motor, 
lateral   tract,  ascending,  see   Fas- 
ciculus  ventro-lateralis    superfi- 
cial is. 
Veratrin,  elTects  of,  283.  171. 
Vermifonii  process,  see  Vermis. 
Vermis,  50S,  575. 
connect  ion  of  nuclei  of  roof  with, 
424,  425. 
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PLATE  I. 

SCHEMATK'    RePRESENTATIOV    OF    S«)MK    OF    THK    NEUROXE    SYBTEMK    OF    THE 

Princii'al  Motor  and  Sensory  Condictixc;  Paths  in  the  Nervous 
System. 


1. — Si'iisorj'  and  motor  i>aths  in  the  spinal  conl. 

B/ack. — Mrd.  ohlatuj.,  tnnisvcrsc^  si't'tit»n  through  the  medulla  obhmgatu  at  the 
level  of  the  deeusjsatio  lemniseorum ;  Med.  »p.  pars  cerr.,  trunsverse  stjotion 
thniugh  the  medulla  spinalis  pars  eerviealis;  Med,  np.  pars  lumb.,  transverse 
section  through  the  medulla  spinalis  p»ars  lumbalis ;  Med.  sp.  pars  thorac., 
transverse  section  through  the  medulla  siiinalis  imrs  thorat^alis ;  Sens,  surface, 
sensory  surface. 

Red. — The  an'as  of  white  matter  in  the  spinal  conl  and  medulla  oblongata  occu- 
pied by  sensory  axones  are  indicated  by  nnX  lines  or  dots.  The  cell  bixiies 
and  axones  of  sensory  neurones  are  also  colore<l  red,  I).  I.,  decussatio  lem- 
niseorum :  />.  r. /..  dorsiil  hmjI  fibre  (central  axone  of  |>eripheral  centripetjil 
neurone);  F.  r.,  axone  of  fascicj^Uus  cuneatus ;  F.  cJs.,  axtme  of  fsisciculus 
c<'rebellospinalis  (direct  cerebellar  tract)  ;  F.  rl.  (i.,  axone  of  fasciculus  ven- 
trolat4'ralis  [(iowersi]  ;  Sf.  i.  /.,  axones  of  stratum  interolivare  lemnisci ;  7, 
C4.'ll  bixlies  of  |K'ripheral  centrip<'tal  neurones  (situated  in  the  spinal  ganglia) ; 
1\  ascending  limb  of  bifurcated  central  axone  of  jH'ripheral  sensory  neurone 
extending  from  the  jKirs  lumbalis  of  the  spinal  conl  to  the  medulla  oblon- 
gata, being  situaU'd  first  in  the  fasciculus  cuneatus,  in  higher  levels  of  the 
coni  in  the  fas<-iculus  gracilis,  and  finally  terminating  in  the  nucleus  funic- 
uli gracilis.  1" ,  ascending  limb  of  bifurcat«'d  central  axone  of  p<'ripheral 
sensory  neurone  pertaining  to  the  tln»racic  i>oi*tion  of  the  si)inal  conl.  It 
enters  the  fas<'iculus  cuneatus,  and  ivassing  upvvanl,  approaches  the  medial 
border  of  this  fas<'iculus  without,  however,  entering  the  fasciculus  gracilis. 
It  is  seen  to  t<'nninate  ultimately  in  the  nucleus  funiculi  cuneati.  i'", 
ascending  limb  of  bifurcated  central  ax<»ne  of  iR'ripheral  sensory  neurone 
pi'rtiiining  to  the  jmiim  eerviealis  of  the  spinal  cord.  It  jiasses  upwani  in  the 
fascieulus  cunesitus  to  t<*rminate  at  a  level  higher  than  that  indicated  in  the 
diagram.  I"" ,  refiex  collaterals  extending  from  the  central  axones  (or 
their  sulxlivisions)  of  the  peripheral  sensory  neurones  to  the  ventral  honis 
of  the  spinal  conl,  there  coming  into  conduction  rebiti<m  with  the  cell'bodies 
and  dendrites  of  the  lower  motor  neurones.  7,  rollatenils  from  the  axones 
of  the  faseiculus  cuneatus  to  the  nucleus  dorsalis  [Clarkii]  ;  2,  cell  b<xiies  in 
substantia  griwa  giving  rise  to  axones  of  the  fasciculus  ventrolateralis  [(iow- 
ersi] ;  /,  axon<»s  of  fasciculus  ventrolateralis  [(iowersi]  ;  ,^,  cell  IwHly  in 
nucleus  dorsjilis  [Clarkii]  giving  ris(!  to  axone  of  fasciculus  cerebellospinalis  ; 
S' ,  axone  of  fa.seieulus  cen^lxdlospinalis  (direct  cen^lndlar  tract)  ;  4»  cells  of 
nucleus  funiculi  gracilis  giving  risi'  to  axones  of  fibni'  arcuatie  intenin*  which 
undepgo  decussjition  ( decu.sssitio  lemniseorum)  in  the  raphe  ;  4'.  continua- 
tion of  axones  n{  fibra*  an*uatie  intemte  after  decussation.  They  nni  cere- 
bralwanl  in  the  stratum  interolivare  lemnisci.  5,  cells  of  nucleus  funiculi 
cuneati  which  give  rise  to  axones  of  fibne  an-uatie  interna*  which  undergo 
decussatiim  (deeussatio  lenniiscorum)  in  the  raphe.  .'»',  continuation  of 
axones  of  fibne  arcuatie  interna^  after  decu.ssation.  Having  had  their  origin 
in  the  nuchnis  funiculi  euneati  of  the  opposite  side,  they  now  run  forwanl  in 
the  stratum  interolivare  lemnis<'i. 

Blue. — The  areas  of  white  matter  in  the  s])inal  conl  and  medulla  oblongata  indi- 
cated by  jKirallel  blue  lines  correspond  to  the  position  of  the  fasciculi  cere- 
bnjspinales  (pyramidales).  The  cell  IxKlies  and  axones  of  the  lower  motor 
neurones  an'  also  ])rinted  in  blue.  F.  es.  /..  fasci<'ulus  cerebrospinal  is  latera- 
lis or  Literal  pyramidal  tract;  F.  cs.  r.,  fasciculus  cen'bmspinalis  ventralis  or 
ventral  pyramidal  tract;  F.  I\if.,  fasciculi  pyramidales  in  the  medulla  obhm- 
gata  ;  Pi/.,  pyramis  meduIlaM>i)l<mgatte  ;  r.  r.,  ra<lix  ventralis  nervi  spinalis ; 
i,  cell  bcMlies  of  lower  motor  neurones  situated  in  the  ventral  bonis  of  the 
gray  matter  of  the  spinal  conl  giving  off  axones  whieh  go  to  form  the  ventral 
roots  of  the  spinal  nerves;  .:>',  axones  of  fasciculi  pyramidales  whieh  undergo 
decus.siition  in  the  decussatio  ]>yrami(lum  and  jmiss  down  in  the  fasciculus 
cenrbrospinalis  lateralis  of  the  oppo.sit4*  side  of  the  s]>inal  conl  to  terminate'  in 
the  ventral  horns  of  the  cervical  region.  They  throw  the  lower  motor  neu- 
rones whieh  innervate  the  inus<^'ulature  of  the  ui)per  extremity  of  one  side 
under  the  infiumi-e  of  the  pjillium  of  the  opposite  ^'uU\     4',  axones  of  fascic- 
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fibres  thv  cortical  origin  of  which  is  not  shown.  //,  axones  from  facial  area 
of  cort<ix  running  to  the  knee  of  the  internal  capsule.  Ill,  axones  from  the 
arm  area  of  the  cerebral  cortex  ninning  to  the  anterior  portion  of  the  occipi- 
tal limb  of  the  intt^rnal  cap.sule.  IV,  axones  from  the  leg  area  of  the  cere- 
bml  cortex  running  to  the  internal  cajwule,  lK>ing  situated  in  the  latter 
bi'liind  the  arm  fibres. 

Orafujv. — Axones  pi'rtiiining  to  the  olfactory  sensory  conduction  paths.  4', 
axone  of  neurone  extending  between  the  corpus  nmmillare  and  the  hippo- 
campus by  way  of  the  fornix  ;  6',  axone  extending  iK'tween  the  substiintia 
IKTforata  anterior  and  the  hippocampus  by  way  of  the  sa'ptum  iK'llucidum 
and  the  fornix. 

Oreni. — Axones  pertaining  to  the  auditory  conduction  imth.  They  an'  seen 
emerging  from  the  cross  section  behind  the  internal  aipsule  and  running  out 
to  the  auditory  sense  area  of  the  certibral  cortex.  S,  9,  JO,  axones  of  dience- 
phalo-telencephalic  (projection)  neunmes  pt*rtaining  to  the  auditory  c<mduc- 
tion  iKith.  Tile  cell  bodies  of  these  neurones  are  situated  below,  chiefly  in 
the  corj)ns  geniculatum  mediale  ;  the  axcmes  terminate  in  the  gyrus  tempo- 
ralis supcri(>r  and  in  the  gyri  temporales  transversi. 

Violet. — Axcnies  i)ertaining  to  the  frontal  and  tc^mporal  cerebrocorticopontal 
IMiths.  The  fibR's  belonging  to  the  frontal  path  arise  chiefly  in  the  region 
of  the  f«K)t  of  the  gyrus  frontiilis  inferior  and  the  feet  of  the  middle  and  supe- 
rior frontal  gyri,  and  run  into  the  frontal  limb  of  the  internal  C4ipsule.  The 
origin  of  the  tempoml  pjith  is  still  uncertain;  the  fibres  pass  down  at  the 
IMwterior  extremity  of  the  internal  cai)«ule. 

Yfllow. — Axones  pertaining  to  the  visual  ccmduction  imth.  They  are  seen  to 
emerge  from  the  wction  at  the  occipitJil  extremity  of  the  pars  occipitalis  of 
the  internal  capsule  and  to  run  through  the  radiatio  occipitothalamica  Gra- 
tiolcti,  to  be  distributed  in  those  n-gitms  of  the  cortex  of  the  ticcipital  lobe 
which  are  characterized  by  the  presence  of  the  macroscopic  stripe  of  Vicq 
d'Azyr.  The  nuijority  of  the  fibres,  however,  terminate  near  the  fissura 
cal  carina. 

Fig.  4. — Scheme  illustrating  the  n*lati<ms  of  some  of  the  principal  conduction 
l)aths  ill  the  cen'bnim  as  viewed  from  the  medial  surface.  The  fronto-oc- 
ci|>iUil  ))lack  line  about  the  middle  of  the  hemisphere  corresiKiuds  closi»ly  to 
tile  level  of  Fig.  3,  which  is  projecti'd  above.  Above  this  line  the  cerebrum 
is  made  tmiisparent. 

Iflnck. — (\  a.,  commissura  anterior  cen^bri ;  C,  pin.,  corpus  pineale  (of  the  epi- 
thalaiiius)  ;  Fiss.  calc,  fissura  cak^rina  ;  Fins,  po.,  fissura  parieto-o<cipitalis  ; 
Fisn.  rollat.,  tissuni  collateralis ;  (r.  dug.,  gyrus  cinguli  ;  <i.f.  s.,  jiyrus  fron- 
talis sujM'ritjr  ;  (i.  /iim.,  gyrus  fusiformis  ;  G.  hipp.,  gyrus  hipiMK-aiupi  :  (i. 
fimi.,  gyrus  lingualis;  G.  t.  /.,  gyms  temponihs  inferior:  fj.  t  m.,  gyms 
teiiiponilis  iihmUus;  Ijib.  pnracent.,  lobulus  iraraceiitralis :  P.  /.,  i»olus  fron- 
talis; /*.  ().,  polus  occipitalis;  S.  cingnli  pars  snhfront.,  sulcus  cinguli  j)ai-s 
subfrontalis  :  N.  cinguli  pars  nuirg.,  sulcus  cinguli  pars  marginalis;  >'.  suhpa- 
rii't..  sulcus  subi»iriet4ilis ;  Sept.  pell.,  sa'ptum  pellucidiim  ;  Traciuif  olf.,  tnic- 
tus  oiract(U-ius  ;   Trig,  olfact.,  trigonum  olfactorium. 

Jicfl. — The  souiK'sthetic  aR'a  of  the  cerebral  cortex,  as  seen  from  the  medial  sur- 
face, is  indicated  by  red  dots.  The  red  area  in  the  pars  tegmentalis  of  the 
cerebral  peduncle  corres[Hmds  to  the  region  occupied  by  the  lemnis<'us  media- 
lis.  The  broken  red  lines  corri'spond  to  various  sensory  ax<mes  on  their  way 
from  the  diencephalon  to  their  end  stations  in  the  cortex  of  the  ixiUium.  /, 
axoiKs  lielonging  to  Flechsig's  embryological  system  No.  1.  terminating  in 
the  lobulus  paracentralis  and  adjacent  centnil  gyri ;  //,  axones  of  Flechsig's 
emliryological  system  No.  2,  terminating  in  the  gyrus  fomicatus;  If, 
axone  oi'  Flechsig's  embryological  system  No.  2,  running  into  the  cingulum 
and  thence  to  the  regi(ui  of  the  hippoi'ampus  ;  IF",  ax<me  belonging  to  Flech- 
sig's embryological  system  No.  2,  running  fnmi  the  nucleus  lateralis  thalami 
basihvanl,  and  entering  by  way  of  the  uncus  into  the  subiculum  cornu 
aniiiioiiis  from  in  front  and  below.  Ill,  axones  belonging  to  Flechsig's 
embry*. logical  .system  No.  3,  terminating  in  the  middle  portion  of  the  gyrus 
foniieutus. 

Blue. — Motor  area  of  the  cerebnil  cortex  in  whi«'h  art^  situated  the  cell  Ixxlies  of 
the  iieunuies.  the  axones  of  which  psiss  downward  to  thniw  the  groups  of 
lower  inoti>r  neurones  under  their  influence.  The  blue  area  in  the  cross  sec- 
tiim  of  the  ])asis  pe<lunculi  corn*si)onds  to  the  region  o<!Cupied  by  the  fascic- 
uli jiyi-ainidales.  /F,  axones  of  pyramidal  tract  arising  from  the  lobulus 
paracentralis  (portion  of  leg  area). 
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extremity ;  4«  axoncH  of  the  pyramidAl  tract  which  terminate  in  the  spiual 
coni  in  a  region  in  which  they  can  throw  the  lower  motor  neurones  govern- 
ing the  must'ilen  of  the  lower  extremity  under  their  influence. 

Oraniie. — The  small  area  of  this  color  in  the  cross  section  of  the  cerebral  peduncle 
corrftsponds  to  the  fiisciculus  i>edunculomamillariSv  pars  basilaris. 

(ireeu. — A xones  of  neurones  pertaining  to  the  auditory  conduction  path  ;  I^mn. 
I.,  lemniscus  latt^ralis;  j^,  axones  of  lemniscus  lateralis  terminating  in  the 
colliculus  inferior;  2",  axonc  of  lemnisi'us  lateralis  passing  through  mesen- 
cephalon to  terminate  in  the  dit^ncephahm,  iH>rhaps  in  the  corpus  genicula- 
tuni  mediale. 

Violet. — Axom-s  and  areas  occupied  by  axones  of  the  cerebnx'orticopontal  paths ; 
i,  axone  of  frontal  cerebrt>corticop«mtal  path.  In  the  cross  section  of  the 
cen^bnil  peduncle  it  is  stu*n  to  run  through  the  medial  bundle  ;  in  the  cross 
s4H'ti(>n  through  the  pars  basilaris  p<mtis  it  is  si>en  to  occupy  a  position  some- 
what ventral  to  that  in  which  the  pyramidal  tract  is  situated.  '2,  axoue  of 
tt^niponil  or  ti^mporo-occipital  cerebn)corticopontal  jiath.  In  the  cross  section 
of  the  cerebral  peduncle  the  bundle  of  axones  of  this  path  is  situated  lateral 
from  the  fibres  of  the  pyramidal  tract,  while  in  the  cn)«s  section  of  the  pars 
biisilaris  pontis  the  axones  an*  situated  dorsolateral ly  as  regards  the  fibres  of 
the  pymraidal  tract.  The  fibrt*  of  both  cerebrocorticoptmtel  paths  appear  to 
terminate  (or  arise?)  in  large  part  in  the  nuclei  pontis. 
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faiHciculus  cruciatus  of  the  opposite  side, ;?"'.  It  i8  seen  that  of  the  axones  of 
the  traetus  opticus  of  one  side,  a  part  terminate  in  the  mejiencephalon  (collic- 
ulus  superior),  another  part  in  thediencephahm  (corpus  geniculatum  laterale 
and  pulvinar) ;  S,  cell  Ixwly  of  neurone  m  the  corpus  geniculatum  laterale 
giving  off  an  axone  wliich  {lasse^  by  way  of  the  occipitothalamic  radiation  to 
the  occipital  lobe  ;  4»  t^^-H  b<>dy  in  colliculus  superior  giving  off  axone  which 
runs  towjini  the  cert^bml  cortex  ;  5,  radiatio  occipitothalamica  Gratioleti,  the 
constituent  axones  of  which  terminate  in  the  visual  sense  area  of  the  occipi- 
tal cortex  (region  indicated  by  yellow  striae  in  the  diagram). 

Green. — Nennmes  of  auditory  conduction  imth.  i,  peripheral  auditory  neurone, 
the  cell  b(Kly  Ixiing  situated  in  the  ganglion  spiraie  ;  its  peripheral  process  is 
distributed  to  the  organ  of  Corti,  its  central  process  forming  one  of  the 
axones  of  the  nervus  cochlea?.  2,  cell  bodies  of  neurones  situated  in  the 
nuclei  tenninales  nervi  c<K'hlea;.  Their  axones  pass  by  way  of  the  corpus 
trapezoideum  (not  shown  in  the  diagram)  to  enter  the  lemniscus  lateralis  of 
the  same,  more  often  of  the  opp-Dsite,  side.  SS" ,  axone  from  lemniscus  latera- 
lis terminating  in  colliculus  inferior.  2",  axone  of  lemniscus  lateralis 
exti'iuling  past  the  mesencephalon  to  terminate  in  the  corjms  geniculatun^ 
me<liale.  i,  cell  body  of  neurone  situat^'d  in  the  nucleus  coUiculi  inferioris 
standing  an  axone  cerebnilwanl  by  way  of  the  bnichium  quadrigeminiim 
inferius.  4^  ca-'U  bcMly  of  neurone  situated  in  corpus  geniculatum  mediale 
standing  axone  towanl  the  auditory  si'nse  an^a  of  the  cerebral  cortex.  5,  7, 
diencephalo-telenceplmlic  auditory  pngection  axones  terminating  in  the 
auditory  si^nst^  area  of  the  corU»x.  The  auditory  senst*  are4*  in  the  temporal 
lobe  is  indicjited  by  the  green  strite.     I^mn.  lat.,  lemniscus  lateralis. 

Orange. — Neurones  and  axones  of  neurones  of  the  olfactory  ctmduction  path,  i, 
IK^ripheral  olfactoiy  neiirone  ;  ^,  i?',  olfactory  neurones  of  the  second  order; 
.t,  olfactory  neunme  of  the  third  order  connecting  (by  its  axone,  ^ )  the  sub- 
sttmtia  jH'rforata  anterior  with  the  nucleus  halR'imlte ;  4't  axones  in  the 
columna  fornicis  belonging  to  neurones  which  connect  the  hippocampus  with 
the  corpus  mamillare  ;  .7,  axone  of  olfactory  neurone  connecting  the  frontal 
olfactory  sense  area  with  the  nucleus  lentiformis. 

Violet. — Neurones  of  the  cerebrmtorticopontjil  paths  and  of  the  pontocerebellar 
piiths.  The  area  of  the  cerebral  ct)rtex,  probably  connected  wdth  the  frontal 
cen^brocorticopontal  path,  is  indicated  by  violet  stria*.  /,  axones  of  frontal 
cerebrocorticopontal  path  derived  from  pynimidal  cells  in  the  cortex  of  the 
lobus  fn>ntjilis;  7/(?),  axone  of  temporal  or  temporo-cK'cipital  cerebrocorti- 
copontal path.  The  exact  cortical  origin  is  unknown,  i,  frontal  cerebro- 
corticopontiil  i^ith  fonning  the  medial  bundle  of  white  fibres  in  the  basis 
pedunculi ;  2,  temporal  or  temporo-occipital  cerebr«K*orticopKimtal  path  form- 
ing the  lateral  bundle  of  whiti'  fibres  of  the  basis  pedunculi ;  H,  cell  body  in 
nuclei  pontis  giving  off  an  axone  to  terminate  in  the  opposite  cerebellar 
hemisphere ;  4,  cell  b(Kly  in  nuclei  pontis  connected  with  temporal  cerebro- 
corticopcmtal  iMitli  giving  off  axone  to  the  opposite  cerebellar  hemisphere; 
5,6,  Purkinje  cells  in  cerelwllar  cort<*x  giving  off  axones  to  nuclei  pontis, 
reaching  these  by  way  <»f  the  brachia  pontis ;  7,  8,  cell  bodies  in  nuclei  pontis 
sending  axones  cere))nilward. 

Fig.  2. — Schematic  representati(m  of  the  portion  of  a  spinal  conl  corresponding 
to  the  attachment  of  the  ventral  and  dorsiil  roots  of  <me  pair  of  spinal  nerves. 

Black. — C.  c,  canalis  centmlis;  ('.  d.,  commissura  dorsalis;  C.  d.  g.,  comu  dor- 
salis  grisea ;  C.  v.  <;.,  cornu  ventralis  grisea ;  Cm.  r.  a.,  commissura  ventralis 
alba;  T'm.  r.  g.,  commissura  ventralis  griseii ;  F.  c,  funiculus  cuneatus; 
F.  g.,  funiculus  gracilis;  F.  d.,  funiculus  dorsjilis;  F.  /.,  funi<'ulus  lateralis; 
F.  m.  v.,  fissum  mediana  ventnilis;  F.  r.,  funiculus  ventralis;  G.  sp.,  gan- 
glion spinalc ;  H.  d.,  radix  dorsalis  nervi  spinalis;  R.  r.,  radix  ventralis 
nervi  spinalis;  >'.  /.  d.,  sulcus  lateralis  dorssilis;  S.  I.  v.,  sulcus  lateralis  ven- 
tralis ;  '*^.  TO.  d.,  sulcus  medianus  dorsalis  ;  K  i.  d.,  sulcus  intenuedius  dorsalis. 

Red. — Peripheral  s«'nsory  neurones.  The  cell  b<Klies.  /,  are  situated  in  the  spinal 
ganglia.  Th(^  iK'ripheral  processes  enter  the  |>eripheml  nerves,  the  central 
axones  ikiss  by  way  of  the  rjidix  dorsalis  into  the  fa^'iculus  cuneatus  of  each 
side.  There  each  axone  biftircates  into  an  ascending  and  descending  limb, 
giving  off  also  collatenils  to  the  gniy  substance. 

Blue. — Lower  motor  neurones.  The  cell  bcMlies,  /,  an*  situated  in  the  ventral 
horns.  They  send  their  axones  by  way  of  the;  ventral  roots  into  the  pe- 
riphenil  nerves. 

The  neunil  mechanism  gcnrnilly  believe<l  to  form  the  Im.sis  of  the  simplest  reflex 
arc  is  illustrat<Ml  in  the  figure.  Another  conception  of  the  anatomical  mech- 
anism underlying  simple  ivflexes  ha.s  been  illustnited  in  Fig.  162,  p.  272. 
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